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The NASA STI Program Office... in Profile

Since its founding, NASA has been dedicated

to the advancement of aeronautics and space
science. The NASA Scientific and Technical

Information (STI) Program Office plays a key

part in helping NASA maintain this important
role.

The NASA STI Program Office is operated by

Langley Research Center, the lead center for
NASA's scientific and technical information.

The NASA STI Program Office provides access

to the NASA STI Database, the largest collection

of aeronautical and space science STI in the

world. The Program Office is also NASA's

institutional mechanism for disseminating the

results of its research and development activities.

These results are published by NASA in the

NASA STI Report Series, which includes the

following report types:

TECHNICAL PUBLICATION. Reports of

completed research or a major significant

phase of research that present the results of

NASA programs and include extensive data or

theoretical analysis. Includes compilations of

significant scientific and technical data and

information deemed to be of continuing

reference value. NASA's counterpart of peer-

reviewed formal professional papers but has

less stringent limitations on manuscript length

and extent of graphic presentations.

TECHNICAL MEMORANDUM. Scientific

and technical findings that are preliminary or

of specialized interest, e.g., quick release

reports, working papers, and bibliographies
that contain minimal annotation. Does not

contain extensive analysis.

CONTRACTOR REPORT. Scientific and

technical findings by NASA-sponsored

contractors and grantees.

CONFERENCE PUBLICATION. Collected

papers from scientific and technical

conferences, symposia, seminars, or other

meetings sponsored or cosponsored by NASA.

SPECIAL PUBLICATION. Scientific,

technical, or historical information from

NASA programs, projects, and missions,

often concerned with subjects having

substantial public interest.

TECHNICAL TRANSLATION.

English-language translations of foreign

scientific and technical material pertinent to
NASA's mission.

Specialized services that complement the STI

Program Office's diverse offerings include

creating custom thesauri, building customized

databases, organizing and publishing research

results.., even providing videos.

For more information about the NASA STI

Program Office, see the following:

• Access the NASA STI Program Home Page at

http://www.sti.nasa.gov

• E-mail your question via the Internet to

help@sti.nasa.gov

• Fax your question to the NASA STI Help Desk
at (301) 621-0134

• Telephone the NASA STI Help Desk at

(301) 621-0390

Write to:

NASA STI Help Desk

NASA Center for AeroSpace Information
7121 Standard Drive

Hanover, MD 21076-1320



Introduction

This supplemental issue of Aeronautical Engineering, A Continuing Bibliography with Indexes

(NASA/SP--1999-7037) lists reports, articles, and other documents recently announced in the
NASA STI Database.

The coverage includes documents on the engineering and theoretical aspects of design, construction,

evaluation, testing, operation, and performance of aircraft (including aircraft engines) and associ-

ated components, equipment, and systems. It also includes research and development in aerodynam-

ics, aeronautics, and ground support equipment for aeronautical vehicles.

Each entry in the publication consists of a standard bibliographic citation accompanied, in most

cases, by an abstract.

The NASA CASI price code table, addresses of organizations, and document availability informa-

tion are included before the abstract section.

Two indexes--subject and author are included after the abstract section.



SCAN Goes Electronic!
If you have electronic mail or if you can access the Internet, you can view biweekly issues of SCAN

from your desktop absolutely free!

Electronic SCAN takes advantage of computer technology to inform you of the latest worldwide,

aerospace-related, scientific and technical information that has been published.

No more waiting while the paper copy is printed and mailed to you. You can view Electronic SCAN

the same day it is released--up to 191 topics to browse at your leisure. When you locate a publication

of interest, you can print the announcement. You can also go back to the Electronic SCAN home page

and follow the ordering instructions to quickly receive the full document.

Start your access to Electronic SCAN today. Over 1,000 announcements of new reports, books, con-

ference proceedings, journal articles...and more--available to your computer every two weeks.

For Internet access to E-SCAN, use any of the

following addresses:

h ttp :/!w ww, stL _asaog_ v

ftp.sti.nasa.gov

gopher.sti.nasa.gov

To receive a free subscription, send e-mail for complete information about the service first. Enter

sean@sti.nasa.gov on the address line. Leave the subject and message areas blank and send. You

will receive a reply in minutes.

Then simply determine the SCAN topics you wish to receive and send a second e-mail to

listserv@sti.nasa.gov. Leave the subject line blank and enter a subscribe command, denoting which

topic you want and your name in the message area, formatted as follows:

Subscribe SCAN-02-01 Jane Doe

For additional information, e-mail a message to help@sti.nasa.gov.

Phone: (301) 621-0390

Fax: (301) 621-0134

Write: NASA STI Help Desk

NASA Center for AeroSpace Information
7121 Standard Drive

Hanover, MD 21076-1320

Looking just for Aerospace Medicine and Biology reports?

Although hard copy distribution has been discontinued, you can

still receive these vital announcements through your E-SCAN

subscription. Just Subscribe SCAN-AEROMED Jane Doe

in the message area of your e-mail to listserv@sti.nasa.gov.



Table of Contents

Records are arranged in categories 1 through 19, the first nine coming from the Aeronautics division

of STAR, followed by the remaining division titles. Selecting a category will link you to the collection

of records cited in this issue pertaining to that category.

01 Aeronat_ties (General} 1

Includes general research topics related to manned and unmanned aircraft and the problems

of flight within the Earth's atmosphere. Also includes manufacturing, maintenance, and

repair of aircraft.

02 Aerodynamics 3

Includes aerodynamics of flight vehicles, test bodies, airframe components and

combinations, wings, and control surfaces. Also includes aerodynamics of rotors, stators,

fans and other elements of turbomachinery.

03 Air Transportation and Safety 14

Includes passenger and cargo air transport operations; aircraft ground operations; flight

safety and hazards; and aircraft accidents.

04 Aircraft Communications and Navigation 19

Includes all modes of communication with and between aircraft; air navigation systems

(satellite and ground based); and air traffic control.

05 Aircraft Design, Testiny and Performance 20

Includes all stages of design of aircraft and aircraft structures and systems. Also includes

aircraft testing, performance, and evaluation, and aircraft and flight simulation technology.

06 Avionics and Aircraft _nstrumentation N,A°

Includes all avionics systems, cockpit and cabin display devices; and flight instruments
intended for use in aircraft.

07 Aircraft PropL_lsion and Power 35

Includes prime propulsion systems and systems components, e.g., gas turbine engines and

compressors; and onboard auxiliary power plants for aircraft.

08 Aircraft Stability and Control 40

Includes flight dynamics, aircraft handling qualities; piloting; flight controls; and autopilots.

09 Research and St_pport FaciJities {Air} 51

Includes airports, runways, hangars, and aircraft repair and overhaul facilities; wind tunnels,

water tunnels, and shock tubes; flight simulators; and aircraft engine test stands. Also

includes airport ground equipment and systems.



10

11

12

13

14

15

16

17

18

19

Astronautics 53

Includes astronautics (general); astrodynamics; ground support systems and facilities

(space); launch vehicles and space vehicles; space transportation; space communications,

spacecraft communications, command and tracking; spacecraft design, testing and perfor-

mance; spacecraft instrumentation and astrionics; and spacecraft propulsion and power.

Chemistry ar_d//aterials 55
Includes chemistry and materials (general); composite materials; inorganic, organic, and

physical chemistry; metals and metallic materials; nonmetallic materials; propellants and

fuels; and space processing.

lii-:ngir_eeri_:_g 60

Includes engineering (general); communications and radar; electronics and electrical engi-

neering; fluid mechanics and thermodynamics; instrumentation and photography; lasers and

masers; mechanical engineering; quality assurance and reliability; and structural mechanics.

Geoscienees N,A.

Includes geosciences (general); earth resources and remote sensing; energy production and

conversion; environment pollution; geophysics; meteorology and climatology; and ocean-

ography.

Life Sciences 75

Includes life sciences (general); aerospace medicine; behavioral sciences; man/system

technology and life support; and exobiology.

Nathematieal and Comg:mter Sciences 75
Includes mathematical and computer sciences (general); computer operations and hardware;

computer programming and software; computer systems; cybernetics, artificial intelligence

and robotics; numerical analysis; statistics and probability; systems analysis and operations

research; and theoretical mathematics.

Physics 78
Includes physics (general); acoustics; atomic and molecular physics; nuclear physics; optics;

plasma physics; solid-state physics; and physics of elementary particles and fields.

Social Sciences 81

Includes social sciences (general); administration and management; documentation and

information science; economics and cost analysis; law, political science and space policy;

and technology utilization and surface transportation.

Space Scier_ces N.A.

Includes space sciences (general); astronomy; astrophysics; lunar and planetary science and

exploration; solar physics; and space radiation.

General 82



 ndexes
Two indexes are available. You may use the find command under the tools menu while viewing the

PDF file for direct match searching on any text string. You may also view the indexes provided, for

searching on NASA Thesaurus subject terms and author names.

Subject Term Index ST.....,1
Author index PA-1

Selecting an index above will link you to that comprehensive listing.

Document Avaimability
Select Availa bilitg mnfofor important information about NASA Scientific and Technical Infor-

mation (STI) Program Office products and services, including registration with the NASA Center

for AeroSpace Information (CASI) for access to the NASA CASI TRS (Technical Report Server),

and availability and pricing information for cited documents.



The New NASA Video

Catalog is

To order your_

@

call the NASA STI Help Desk at

(301) 621-0390,

fax to

(301) 621-0134,

e-mail to

help@sti.nasa.gov,

or visit the NASA STI Program

homepage at

http://www.sti.nas;a.qov

(Select STI Program Bibliographic Announcements)

Explore the Universe!



Document AvailabiEity  nformation

The mission of the NASA Scientific and Technical (STI) Program Office is to quickly, efficiently,

and cost-effectively provide the NASA community with desktop access to STI produced by NASA

and the world's aerospace industry and academia. In addition, we will provide the aerospace

industry, academia, and the taxpayer access to the intellectual scientific and technical output and

achievements of NASA.

Eligibility and Registration for NASA STI Products and Services

The NASA STI Program offers a wide variety of products and services to achieve its mission. Your

affiliation with NASA determines the level and type of services provided by the NASA STI

Program. To assure that appropriate level of services are provided, NASA STI users are requested to

register at the NASA Center for AeroSpace Information (CASI). Please contact NASA CASI in one

of the following ways:

E-mail:

Fax:

Phone:

Mail:

help@ sti.nasa.gov

301-621-0134

301-621-0390

ATTN: Registration Services

NASA Center for AeroSpace Information

7121 Standard Drive

Hanover, MD 21076-1320

Limited Reproducibility

In the database citations, a note of limited reproducibility appears if there are factors affecting the

reproducibility of more than 20 percent of the document. These factors include faint or broken type,

color photographs, black and white photographs, foldouts, dot matrix print, or some other factor that

limits the reproducibility of the document. This notation also appears on the microfiche header.

NASA Patents and Patent Applications

Patents and patent applications owned by NASA are announced in the STI Database. Printed copies

of patents (which are not microfiched) are available for purchase from the U.S. Patent and

Trademark Office.

When ordering patents, the U.S. Patent Number should be used, and payment must be remitted in

advance, by money order or check payable to the Commissioner of Patents and Trademarks. Prepaid

purchase coupons for ordering are also available from the U.S. Patent and Trademark Office.



NASA patentapplicationspecificationsaresoldin bothpapercopyandmicroficheby theNASA
Centerfor AeroSpaceInformation(CASI). ThedocumentID numbershouldbeusedin ordering
eitherpapercopyor microfichefrom CASI.

Thepatentsandpatentapplicationsannouncedin the STI Databaseareownedby NASA andare
availablefor royalty-freelicensing.Requestsfor licensingtermsandfurtherinformationshouldbe
addressedto:

NationalAeronauticsandSpaceAdministration
AssociateGeneralCounselfor IntellectualProperty
CodeGP
Washington,DC 20546-0001

Sources for Documents

One or more sources from which a document announced in the STI Database is available to the

public is ordinarily given on the last line of the citation. The most commonly indicated sources and

their acronyms or abbreviations are listed below, with an Addresses of Organizations list near the

back of this section. If the publication is available from a source other than those listed, the publisher

and his address will be displayed on the availability line or in combination with the corporate source.

Avail:

Avail:

Avail:

Avail:

NASA CASI. Sold by the NASA Center for AeroSpace Information. Prices for hard copy

(HC) and microfiche (MF) are indicated by a price code following the letters HC or MF in

the citation. Current values are given in the NASA CASI Price Code Table near the end of
this section.

Note on Ordering Documents: When ordering publications from NASA CASI, use the document lid number

or other report number. It is also a&,isable to cite the title and other bibliographic identification.

SOD (or GPO). Sold by the Superintendent of Documents, U.S. Government Printing

Office, in hard copy.

BLL (formerly NLL): British Library Lending Division, Boston Spa, Wetherby, Yorkshire,

England. Photocopies available from this organization at the price shown. (If none is given,

inquiry should be addressed to the BLL.)

DOE Depository Libraries. Organizations in U.S. cities and abroad that maintain

collections of Department of Energy reports, usually in microfiche form, are listed in

Energy Research Abstracts. Services available from the DOE and its depositories are

described in a booklet, DOE Technical Information Center--Its Functions and Services

(TID-4660), which may be obtained without charge from the DOE Technical Information
Center.

Avail:

Avail:

ESDU. Pricing information on specific data, computer programs, and details on ESDU

International topic categories can be obtained from ESDU International.

Fachinformationszentrum Karlsruhe. Gesellschaft fiir wissenschaftlich-technische

Information mbH 76344 Eggenstein-Leopoldshafen, Germany.



Avail:

Avail:

Avail:

Avail:

Avail:

Avail:

Avail:

Avail:

HMSO.Publicationsof HerMajesty'sStationeryOfficearesoldin theU.S.by Pendragon
House,Inc. (PHI),RedwoodCity, CA. The U.S.price (includinga serviceandmailing
charge)is given,or aconversiontablemaybeobtainedfrom PHI.

IssuingActivity, or CorporateAuthor,or no indicationof availability. Inquiriesasto the
availability of thesedocumentsshouldbe addressedto the organizationshownin the
citation asthecorporateauthorof thedocument.

NASA PublicDocumentRooms.Documentssoindicatedmaybeexaminedatorpurchased
from the National Aeronauticsand SpaceAdministration(JBD-4), Public Documents
Room(Room1H23),Washington,DC 20546-0001,or publicdocumentroomslocatedat
NASA installations,andtheNASA PasadenaOfficeat theJetPropulsionLaboratory.

NTIS. Soldby theNationalTechnicalInformationService.Initially distributedmicrofiche
undertheNTIS SRIM (SelectedResearchin Microfiche) areavailable.For information
concerningthis service,consulttheNTIS SubscriptionSection,Springfield,VA 22161.

Univ. Microfilms. Documentsso indicatedaredissertationsselectedfrom Dissertation
Abstractsandaresoldby UniversityMicrofilms asxerographiccopy(HC) andmicrofilm.
All requestsshouldcite theauthorandtheOrderNumberastheyappearin thecitation.

USPatentandTrademarkOffice.Soldby Commissionerof PatentsandTrademarks,U.S.
PatentandTrademarkOffice, atthestandardprice of $1.50each,postagefree.

(USSalesOnly). Theseforeigndocumentsareavailableto userswithin theUnitedStates
from the National TechnicalInformation Service(NTIS). They are availableto users
outsidethe United Statesthroughthe InternationalNuclearInformation Service(IN1S)
representativein their country,orby applyingdirectly to the issuingorganization.

USGS.Originalsof manyreportsfrom the U.S.GeologicalSurvey,whichmay contain
color illustrations,or otherwisemaynot havethequalityof illustrationspreservedin the
microficheor facsimilereproduction,maybeexaminedby thepublicatthe librariesof the
USGSfield officeswhoseaddressesarelistedontheAddressesof Organizationspage.The
librariesmaybequeriedconcerningtheavailabilityof specificdocumentsandthepossible
utilization of local copyingservices,suchascolor reproduction.



Addresses of Organizations

British Library Lending Division

Boston Spa, Wetherby, Yorkshire

England

Commissioner of Patents and Trademarks
U.S. Patent and Trademark Office

Washington, DC 20231

Department of Energy
Technical Information Center

EO. Box 62

Oak Ridge, TN 37830

European Space Agency-
Information Retrieval Service ESRIN

Via Galileo Galilei

00044 Frascati (Rome) Italy

ESDU International

27 Corsham Street

London

N1 6UA

England

Fachinformationszentrum Karlsruhe

Gesellschaft ffir wissenschaftlich-technische

Information mbH

76344 Eggenstein-Leopoldshafen, Germany

Her Majesty's Stationery Office

RO. Box 569, S.E. 1

London, England

NASA Center for AeroSpace Information
7121 Standard Drive

Hanover, MD 21076-1320

(NASA STI Lead Center)

National Aeronautics and Space Administration

Scientific and Technical Information Program Office

Langley Research Center- MS 157

Hampton, VA 23681

National Technical Information Service

5285 Port Royal Road

Springfield, VA 22161

Pendragon House, Inc.

899 Broadway Avenue

Redwood City, CA 94063

Superintendent of Documents

U.S. Government Printing Office

Washington, DC 20402

University Microfilms

A Xerox Company
300 North Zeeb Road

Ann Arbor, MI 48106

University Microfilms, Ltd.

Tylers Green

London, England

U.S. Geological Survey Library National Center
MS 95O

12201 Sunrise Valley Drive

Reston, VA 22092

U.S. Geological Survey Library
2255 North Gemini Drive

Flagstaff, AZ 86001

U.S. Geological Survey
345 Middlefield Road

Menlo Park, CA 94025

U.S. Geological Survey Library
Box 25046

Denver Federal Center, MS914

Denver, CO 80225



NASA CASI Price Code Table
(Effective July 1, 1998)

U.S., Canada,

Code & Mexico Foreign

A01 ....... $ 8.00 ....... $16.00
A02 ........ 12.00 ........ 24.00

A03 ........ 23.00 ........ 46.00

A04 ........ 25.50 ........ 51.00

A05 ........ 27.00 ........ 54.00

A06 ........ 29.50 ........ 59.00

A07 ........ 33.00 ........ 66.00

A08 ........ 36.00 ........ 72.00

A09 ........ 41.00 ........ 82.00

A10 ........ 44.00 ........ 88.00

All ........ 47.00 ........ 94.00

A12 ........ 51.00 ....... 102.00

A13 ........ 54.00 ....... 108.00

A14 ........ 56.00 ....... 112.00

A15 ........ 58.00 ....... 116.00

A16 ........ 60.00 ....... 120.00

A17 ........ 62.00 ....... 124.00

A18 ........ 65.50 ....... 131.00

A19 ........ 67.50 ....... 135.00

A20 ........ 69.50 ....... 139.00

A21 ........ 71.50 ....... 143.00
A22 ........ 77.00 ....... 154.00

A23 ........ 79.00 ....... 158.00

A24 ........ 81.00 ....... 162.00

A25 ........ 83.00 ....... 166.00

A99 Contact NASA CASI

Payment Options

U.S., Canada,

Code & Mexico Foreign

E01 ..... $101.00 ....... $202.00
E02 ...... 109.50 ........ 219.00

E03 ...... 119.50 ........ 238.00

E04 ...... 128.50 ........ 257.00

E05 ...... 138.00 ........ 276.00

E06 ...... 146.50 ........ 293.00

E07 ...... 156.00 ........ 312.00

E08 ...... 165.50 ........ 331.00

E09 ...... 174.00 ........ 348.00

El0 ...... 183.50 ........ 367.00

Ell ...... 193.00 ........ 386.00

El2 ...... 201.00 ........ 402.00

El3 ...... 210.50 ........ 421.00

El4 ...... 220.00 ........ 440.00

El5 ...... 229.50 ........ 459.00

El6 ...... 238.00 ........ 476.00

El7 ...... 247.50 ........ 495.00

El8 ...... 257.00 ........ 514.00

El9 ...... 265.50 ........ 531.00

E20 ...... 275.00 ........ 550.00

E21 ...... 284.50 ........ 569.00
E22 ...... 293.00 ........ 586.00

E23 ...... 302.50 ........ 605.00

E24 ...... 312.00 ........ 624.00

E99 Contact NASA CASI

All orders must be prepaid unless you are registered for invoicing or have a deposit account with the NASA CASI. Pay-

ment can be made by VISA, MasterCard, American Express, or Diner's Club credit card. Checks or money orders must

be in U.S. currency and made payable to "NASA Center for AeroSpace Information." To register, please request a regis-

tration form through the NASA STI Help Desk at the numbers or addresses below.

Handling fee per item is $1.50 domestic delivery to any location in the United States and $9.00 foreign delivery to Can-

ada, Mexico, and other foreign locations. Video orders incur an additional $2.00 handling fee per title.

The fee for shipping the safest and fastest way via Federal Express is in addition to the regular handling fee explained

above--S5.00 domestic per item, $27.00 foreign for the first 1-3 items, $9.00 for each additional item.

Return Policy

The NASA Center for AeroSpace Information will replace or make full refund on items you have requested if we have

made an error in your order, if the item is defective, or if it was received in damaged condition, and you contact CASI

within 30 days of your original request.

NASA Center for AeroSpace Information E-mail: help@sti.nasa.gov

7121 Standard Drive Fax: (301)621-0134

Hanover, MD 21076-1320 Phone: (301) 621-0390

Rev. 7/98



Federal Depository Library Program

In order to provide the general public with greater access to U.S. Government publications, Congress

established the Federal Depository Library Program under the Government Printing Office (GPO),

with 53 regional depositories responsible for permanent retention of material, inter-library loan, and

reference services. At least one copy of nearly every NASA and NASA-sponsored publication,

either in printed or microfiche format, is received and retained by the 53 regional depositories. A list

of the Federal Regional Depository Libraries, arranged alphabetically by state, appears at the very

end of this section. These libraries are not sales outlets. A local library can contact a regional

depository to help locate specific reports, or direct contact may be made by an individual.

Public Collection of NASA Documents

An extensive collection of NASA and NASA-sponsored publications is maintained by the British

Library Lending Division, Boston Spa, Wetherby, Yorkshire, England for public access. The British

Library Lending Division also has available many of the non-NASA publications cited in the STI

Database. European requesters may purchase facsimile copy or microfiche of NASA and

NASA-sponsored documents FIZ-Fachinformation Karlsruhe-Bibliographic Service, D-76344

Eggenstein-Leopoldshafen, Germany and TIB-Technische Informationsbibliothek, RO. Box

60 80, D-30080 Hannover, Germany.

Submitting Documents

All users of this abstract service are urged to forward reports to be considered for announcement in

the STI Database. This will aid NASA in its efforts to provide the fullest possible coverage of all

scientific and technical publications that might support aeronautics and space research and

development. If you have prepared relevant reports (other than those you will transmit to NASA,

DOD, or DOE through the usual contract- or grant-reporting channels), please send them for

consideration to:

ATTN: Acquisitions Specialist

NASA Center for AeroSpace Information

7121 Standard Drive

Hanover, MD 21076-1320.

Reprints of journal articles, book chapters, and conference papers are also welcome.

You may specify a particular source to be included in a report announcement if you wish; otherwise

the report will be placed on a public sale at the NASA Center for AeroSpace Information.

Copyrighted publications will be announced but not distributed or sold.



Federal Regional Depository Libraries

ALABAMA
AUBURN UNIV. AT MONTGOMERY

LIBRARY

Documents Dept.

7300 University Dr.

Montgomery, AL 36117-3596

(205) 244-3650 Fax: (205) 244-0678

UNIV. OF ALABAMA

Amelia Gayle Gorgas Library
Govt. Documents

P.O. Box 870266

Tuscaloosa, AL 35487-0266

(205) 348-6046 Fax: (205) 348-0760

ARIZONA
DEPT. OF LIBRARY, ARCHIVES,

AND PUBLIC RECORDS

Research Division

Third Floor, State Capitol

1700 West Washington
Phoenix, AZ 85007

(602) 542-3701 Fax: (602) 542-4400

ARKANSAS
ARKANSAS STATE LIBRARY

State Library Service Section
Documents Service Section

One Capitol Mall

Little Rock, AR 72201-1014

(501) 682-2053 Fax: (501) 682-1529

CALIFORNIA
CALIFORNIA STATE LIBRARY
Govt. Publications Section

P.O. Box 942837 - 914 Capitol Mall

Sacramento, CA 94337-0091

(916) 654-0069 Fax: (916) 654-0241

COLORADO
UNIV. OF COLORADO - BOULDER

Libraries - Govt. Publications

Campus Box 184
Boulder, CO 80309-0184

(303) 492-8834 Fax: (303) 492-1881

DENVER PUBLIC LIBRARY

Govt. Publications Dept. BSG

1357 Broadway
Denver, CO 80203-2165

(303) 640-8846 Fax: (303) 640-8817

CONNECTICUT
CONNECTICUT STATE LIBRARY

231 Capitol Avenue

Hartford, CT 06106

(203) 566-4971 Fax: (203) 566-3322

FLORIDA
UNIV. OF FLORIDA LIBRARIES

Documents Dept.
240 Library West

Gainesville, FL 32611-2048

(904) 392-0366 Fax: (904) 392-7251

GEORGIA
UNIV. OF GEORGIA LIBRARIES

Govt. Documents Dept.
Jackson Street

Athens, GA 30602-1645

(706) 542-8949 Fax: (706) 542-4144

HAWAII
UNIV. OF HAWAII

Hamilton Library
Govt. Documents Collection

2550 The Mall

Honolulu, HI 96822

(808) 948-8230 Fax: (808) 956-5968

IDAHO
UNIV. OF IDAHO LIBRARY
Documents Section

Rayburn Street

Moscow, ID 83844-2353

(208) 885-6344 Fax: (208) 885-6817

ILLINOIS
ILLINOIS STATE LIBRARY

Federal Documents Dept.
300 South Second Street

Springfield, IL 62701-1796

(217) 782-7596 Fax: (217) 782-6437

INDIANA
INDIANA STATE LIBRARY

Serials/Documents Section

140 North Senate Avenue

Indianapolis, IN 46204-2296

(317) 232-3679 Fax: (317) 232-3728

IOWA
UNIV. OF IOWA LIBRARIES

Govt. Publications

Washington & Madison Streets

Iowa City, IA 52242-1166

(319) 335-5926 Fax: (319) 335-5900

KANSAS
UNIV. OF KANSAS

Govt. Documents & Maps Library
6001 Malott Hall

Lawrence, KS 66045-2800

(913) 864-4660 Fax: (913) 864-3855

KENTUCKY
UNIV. OF KENTUCKY

King Library South

Govt. Publications/Maps Dept.
Patterson Drive

Lexington, KY 40506-0039

(606) 257-3139 Fax: (606) 257-3139

LOUISIANA
LOUISIANA STATE UNIV.

Middleton Library

Govt. Documents Dept.

Baton Rouge, LA 70803-3312

(504) 388-2570 Fax: (504) 388-6992

LOUISIANA TECHNICAL UNIV.

Prescott Memorial Library

Govt. Documents Dept.

Ruston, LA 71272-0046

(318) 257-4962 Fax: (318) 257-2447

MAINE
UNIV. OF MAINE

Raymond H. Fogler Library

Govt. Documents Dept.
Orono, M E 04469-5729

(207) 581-1673 Fax: (207) 581-1653

MARYLAND
UNIV. OF MARYLAND - COLLEGE
PARK

McKeldin Library
Govt. Documents/Maps Unit

College Park, MD 20742
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O _9970001_i[26 NASA Langley Research Center, Hampton, VA USA

O Water "Ikmnel Flow Vis_alizatioa Study Thro_gh P_s_s_all of 12 Novel Planform Shapes

O Gatlin, Gregory M., NASA Langley Research Center, USA Neuhart, Dan H., Lockheed Engineering and Sciences Co., USA;

Mar. 1996; 130p; In English
Contract(s)/Grant(s): RTOP 505-68-70-04

O Report No(s): NASA-TM-4663; NAS 1.15:4663; L-17418; No Copyright; Avail: CASI; A07, Hardcopy; A02, Microfiche

@ To determine the flow field characteristics of 12 planform geometries, a flow visualization investigation was conducted

in the Langley 16- by 24-Inch Water Tunnel. Concepts studied included flat plate representations of diamond wings, twin

bodies, double wings, cutout wing configurations, and serrated forebodies. The off-surface flow patterns were identified by

injecting colored dyes from the model surface into the free-stream flow. These dyes generally were injected so that the local-

ized vortical flow patterns were visualized. Photographs were obtained for angles of attack ranging from 10' to 50', and all

investigations were conducted at a test section speed of 0.25 ft per sec. Results from the investigation indicate that the forma-

tion of strong vortices on highly swept forebodies can improve poststail lift characteristics; however, the asymmetric bursting

of these vortices could produce substantial control problems. A wing cutout was found to significantly alter the position of

the forebody vortex on the wing by shifting the vortex inboard. Serrated forebodies were fonnd to effectively generate multi-

ple vortices over the configuration. Vortices from 65' swept forebody serrations tended to roll together, while vortices from

40' swept serrations were more effective in generating additional lift caused by their more independent nature.
O Author

0 Water Tunnel Tests; Flow Visualization; Flow Distribution; Free Flow; Planforms; Wing Profiles; Aerodynamic

Configurations
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1999{_47264 NASA Glenn Research Center, Cleveland, OH USA

C_up_ing of Low Speed I,'m_ S_a_or Vane 1Unsteady Pressures to l)_ct Mode, s: _easured versus Predk°ted

Sutliff, Daniel L., AYT Corp., USA; Heidelberg, Laurence J., NASA Glenn Research Center, USA; Envia, Edmane, NASA Glenn

Research Center, USA; May 1999; 44p; In English; Aeroaconstics, 10-12 May 1999, Seattle, WA, USA; Sponsored by American

Inst. of Aeronautics and Astronautics, USA

Contract(s)/Grant(s): RTOP 538-03-11

Report No.(s): NASA/TM-1999-209050; NAS 1.15:209050; E-11583; AIAA Paper 99-1864; No Copyright; Avail: CASI; A03,

Hardcopy; A01, Microfiche

Uniform-flow annular-duct Green's functions are the essential elements of the classical acoustic analogy approach to the

problem of computing the noise generated by rotor-stator interaction inside the fan duct. This paper investigates the accuracy of

this class of Green's functions for predicting the duct noise levels when measured stator vane unsteady surface pressures are used

as input to the theoretical formulation. The accuracy of the method is evaluated by comparing the predicted and measured acoustic

power levels for the NASA 48 inch low speed Active Noise Control Fan. The unsteady surface pressures are measured,by an array

of microphones imbedded in the suction and pressure sides of a single vane, while the duct mode levels are measured using a

rotating rake system installed in the inlet and exhaust sections of the fan duct. The predicted levels are computed using properly

weighted integrals of measured surface pressure distribution. The data-theory comparisons are generally quite good particularly

when the mode cut-off criterion is carefully interpreted. This suggests that, at least for low speed fans, the uniform-flow

annular-duct Green's function theory can be reliably used for prediction of duct mode levels if the cascade surface pressure

distribution is accurately known.
Author

Green'S FUNCTIONS; Noise Intensity; Predictions; Pressure Distribution; Rotor Stator Interactions; Ducted Fans; Engine

Noise; Aircraft Noise; Aeroacoustics

1999_{_47443 Hampton Univ., VA USA

S_dy of the TRAC Airfoil Table Compu/afio_al System

Hu, Hong, Hampton Univ., USA; May 1999; 44p; In English

Contract(s)/Grant(s): NAS 1-19935; RTOP 538-07-14-10

Report No.(s): NASA/CR-1999-209323; NAS 1.26:209323; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

The report documents the study of the application of the TRAC airfoil table computational package (TRACFOIL) to the

prediction of 2D airfoil force and moment data over a wide range of angle of attack and Mach number. The TRACFOIL generates

the standard C-81 airfoil table for input into rotorcraft comprehensive codes such as CAM- RAD. The existing TRACFOIL

computer package is successfully modified to run on Digital alpha workstations and on Cray-C90 supercomputers. A step-by-step

instruction for using the package on both computer platforms is provided. Application of the newer version of TRACFOIL is made

for two airfoil sections. The C-81 data obtained using the TRACFOIL method are compared with those of wind-tunnel data and

results are presented.
Author

Airfoils; Computational Fluid Dynamics; Noise Reduction; Aerodynamic Noise; Lift; Drag; Pitching Moments; Aerodynamic

Coefficients; Navier-Stokes Equation; Computer Programs



1999_}47653 NASA Langley Research Center, Hampton,VA USA

Aeronautical Engineering: A Contimfi_g Bibliography wiJ1_ Indexes, Suppleme_t 403

Jun. 25, 1999; 43p; In English

Report No.(s): NASA/SP-1999-7037/SUPPL403; NAS 1.21:7037/SUPPL403; No Copyright; Avail: CASI; A03, Hardcopy;
A01, Microfiche

This report lists reports, articles and other documents recently announced in the NASA STI Database.
Derived from text

Bibliographies; Data Bases; Aeronautical Engineering; Indexes (Documentation)

1999_}(_4799g Boeing Co., Mesa, AZ USA

Predicted Aerodynamic Characteristics _ff a NACA _)_)15Airf_)_l Having a 2g% InlegrM°Type Trailing Edge Flap

Hassan, Ahmed, Boeing Co., USA; May 1999; 168p; In English

Contract(s)/Grant(s): NAS 1-20096; RTOP 538-07-14-10

Report No.(s): NASA/CR-1999-209328; NAS 1.26:209328; No Copyright; Avail: CASI; A08, Hardcopy; A02, Microfiche

Using the two-dimensional ARC2D Navier-Stokes flow solver analyses were conducted to predict the sectional aerodynamic

characteristics of the flapped NACA-0015 airfoil section, to facilitate the analyses and the generation of the computational grids,

the airfoil with the deflected trailing edge flap was treated as a single element airfoil with no allowance for a gap between the flap's

leading edge and the base of the forward portion of the airfoil. Generation of the O-type computational grids was accomplished

using the HYGRID hyperbolic grid generation program. Results were obtained for a wide range of Mach numbers, angles of attack

and flap deflections. The predicted sectional lift, drag and pitching moment values for the airfoil were then cast in tabular format

(C81) to be used in lifting-line helicopter rotor aerodynamic performance calculations. Similar were also generated for the flap.

Mathematical expressions providing the variation of the sectional lift and pitching moment coefficients for the airfoil and for the

flap as a function of flap chord length and flap deflection angle were derived within the context of thin airfoil theory. The airfoil's

sectional drag coefficient were derived using the ARC2D drag predictions for equivalent two dimensional flow conditions.
Author

Noise Reduction; Airfoils; Blade-Vortex Interaction; Navier-Stokes Equation; Trailing Edge Flaps; Aerodynamic
Characteristics; Grid Generation (Mathematics); Computational Grids

1999_}(_52647 NASA Lewis Research Center, Cleveland, OH USA

Researc_ and Techn_logy_ 1998

1999; 206p; In English

Report No.(s): NASA/TM-1999-208815; NAS 1.15:208815; No Copyright; Avail: CASI; A10, Hardcopy; A03, Microfiche

This report selectively summarizes the NASA Lewis Research Center's research and technology accomplishments for the

fiscal year 1998. It comprises 134 short articles submitted by the staff scientists and engineers. The report is organized into five

major sections: Aeronautics, Research and Technology, Space, Engineering and Technical Services, and Commercial Technology.

A table of contents and an author index have been developed to assist readers in finding articles of special interest. This report

is not intended to he a comprehensive summary of all the research and technology work done over the past fiscal year. Most of

the work is reported in Lewis-published technical reports, journal articles, and presentations prepared by Lewis staff and

contractors. In addition, university grants have enabled faculty members and graduate students to engage in sponsored research

that is reported at technical meetings or in journal articles. For each article in this report, a Lewis contact person has been identified,

and where possible, reference documents are listed so that additional information can be easily obtained. The diversity of topics

attests to the breadth of research and technology being pursued and to the skill mix of the staff that makes it possible. At the time

of publication, NASA Lewis was undergoing a name change to the NASA John H. Glenn Research Center at Lewis Field.
Author

Aeronautics; NASA Programs; Research and Development; Technology Utilization; Spaceborne Experiments

1999_533_1 NASA Langley Research Center, Hampton,VA USA

Aer(maufieM E_gineering: A Con fimfing Bibliography With Indexes, Supplement 4_)4

Jul. 09, 1999; 63p; In English

Report No.(s): NASA/SP-1999-7037/SUPPL404; NAS 1.21:7037/SUPPL404; No Copyright; Avail: CASI; A04, Hardcopy;
A01, Microfiche

This supplemental issue of Aeronautical Engineering, A Continuing Bibliography with Indexes (NASA]SP-1999-7037) lists

reports, articles, and other documents recently announced in the NASA STI Database. The coverage includes documents on the

engineering and theoretical aspects of design, construction, evaluation, testing, operation, and performance of aircraft (including

2



aircraftengines)andassociatedcomponents,equipment,andsystems.Italsoincludesresearchanddevelopmentinaerodynamics,
aeronautics,andgroundsupportequipmentfor aeronauticalvehicles.Eachentryin thepublicationconsistsof a standard

bibliographic citation accompanied, in most cases, by an abstract. Two indexes-subject and author are included after the abstract
section.

CASI

Bibliographies; Aeronautical Engineering; Aerodynamics; Indexes (Documentation)

02

AERODYNAMICS

includes aerodynamics of bodies, combinations, wings, rotors, and control surfaces; and internal flow in ducts and turbomachinery.

1999_(_47139 NASA Langley Research Center, Hampton, VA USA

A Parametric S_dy (_f Accelerations _ff an A_rplane _)ue _(_a Wake Vortex System

Stewart, Eric C., NASA Langley Research Center, USA; May 1999; 40p; In English

Contract(s)/Grant(s): RTOP 538-04-11-12

Report No.(s): NASA/TM-1999-208745; NAS 1.15:208745; L-17831; No Copyright; Avail: CASI; A03, Hardcopy; A01,
Microfiche

A study was conducted using strip theory to systematically investigate the effects of progressively more complete

descriptions of the interaction of an airplane with a wake vortex system. The emphasis was in roll-dominant, parallel, vortex

encounters. That is, the simulated airplane's longitudinal axis was nearly parallel to the rotation axis of the vortex system for most

of the results presented. The study began with a drag-less rectangular wing in the flow field of a single vortex and progressed to

a complete airplane with aerodynamic surfaces possessing taper, sweep, dihedral, and stalling and immersed in the flow field of

a vortex pair in ground effect. The effects of the pitch, roll, and yaw attitudes of the airplane on the calculated accelerations were

also investigated. The airplane had the nominal characteristics of a Boeing 757, and the vortex flow field had the nominal

characteristics of the wake of a Boeing 767. The Bumham-Hallock model of a vortex flow field was used throughout the study.

The data are presented mainly in terms of contours of equal acceleration in a two-dimensional area centered on the vortex pair

and having dimensions of 300 feet by 300 feet.
Author

Aerodynamics; Flow Distribution; Rectangular Wings; Roll; Rotation; Vortices; Yaw; Aircraft Wakes; Mathematical Models

1999_477_5 Dayton Univ. Research Inst., Structural Integrity Div., OH USA

Statistical Loads Data l_)r MD-82/83 Aircraft i_ Commercial Operations Final Report

Skinn, D.; Tipps, D. O.; Rustenburg, J.; Feb. 1999; 90p; In English

Contract(s)/Grant(s): FAA-96-G-020

Report No.(s): PB99-139594; UDR-TR-98-00077; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

The primary objective of this research is to support the FAA Airborne Data Monitoring Systems Research Program by

developing new and improved methods and criteria for processing and presenting large commercial transport aircraft flight and

ground loads usage data. The scope of activities performed involved (1) defining the service related factors which affect the

operational life of commercial aircraft; (2) designing an efficient software system to reduce, store, and process large quantities

of optical quick access recorder data; and (3) providing processed data in formats that will enable the FAA to reassess existing

certification criteria. Equally important, these data will also enable the FAA, the aircraft manufacturers, and the airlines to better

understand and control those factors which influence the structural integrity of commercial transport aircraft. Presented are

analyses and statistical summaries of data collected from 3987 flights representing 7120 flight hours of six typical MD-82/83

aircraft during operational usage recorded by a single airline. The data include statistical information on accelerations, speeds,

altitudes, flight duration and distance, gross weights, speed brake/spoiler cycles, thrust reverser usage, and gust velocities
encountered.

NTIS

Statistical Analysis; Loads (Forces); Research; Prediction Analysis Techniques; Data Bases; Data Processing; Ground Tests

1999{}_47711 NASA Dryden Flight Research Center, Edwards, CA USA

A Reassessment (ff Heavy=Duty Truck Aerody_amic l)esig_ Features and Pri(_ri_ies

Saltzman, Edwin J., Analytical Services and Materials, Inc., USA; Meyer, Robert R., Jr., NASA Dryden Flight Research Center,

USA; June 1999; 36p; In English



Contract(s)/Grant(s):RTOP251-10-01
ReportNo.(s):NASA/TP-1999-206574;H-2283;NAS1.60:206574;No Copyright;Avail:CASI;A03,Hardcopy;A01,
Microfiche

Between1973and1982,theNASADrydenFlightResearchCenterconducted"coast-down"testsdemonstratingmeansfor
reducingthedragoftrucks,buses,andmotorhomes.Numerousconfigurationswereevaluatedusingabox-shapedtestvan,a
two-axletruck,andatractor-semitrailercombination.Resultsfromthreeconfigurationsofthetestvanareofinterestnowinview
ofatruckingindustrygoalof a0.25dragcoefficientfortractor-semitrailercombinations.Twotestvanconfigurationswith
blunt-basegeometry,similartopresentdaytrucks(oneconfigurationhassquarefrontcomersandtheotherhasroundedfront
comers),quantifythebasedragincreaseassociatedwithreducedforebodydrag.Hoemer'sequationspredictthistrend;however,
testvanresults,reinforcedbylarge-scaleairvehicledata,indicatethatHoemer'sformulagreatlyunderestimatesthisdependence
ofbasedragonforebodyefficiency.Thedemonstratedincreaseinbasedragassociatedwithforebodyrefinementindicatesthat
thegoalofa0.25dragcoefficientwillnotbeachievedwithoutalsoreducingafterbodydrag.Athirdconfigurationofthetestvan
hadatruncatedboattailtoreduceafterbodydragandachievedadragcoefficientof 0.242.Theseresultsareincludedhereand
referencesareidentifiedforothermeansofreducingafterbodydrag.
Author
Aerodynamic Drag; Research; Experimentation; Drag Reduction; Trucks; Tractors

_9_}4788_ NASA Langley Research Center, Hampton, VA USA

Aerodynamic a_d Aeroe|astk: Insigh|:s Using Eige_an_lysis

Heeg, Jennifer, NASA Langley Research Center, USA; Dowell, Earl H., Duke Univ., USA; 1999; In English; Structures,

Structural Dynamics, and Materials, 12-15 Apr. 1999, Saint Louis, MO, USA; Sponsored by American Inst. of Aeronautics and
Astronautics, USA

Report No.(s): AIAA Paper 99-1473; Copyright; Avail: Issuing Activity, Hardcopy, Microfiche

This paper presents novel analytical results for eigenvaiues and eigenvectors produced using discrete time aerodynamic and

aeroelastic models. An unsteady, incompressible vortex lattice aerodynamic model is formulated in discrete time; the importance

of several modeling parameters is examined A detailed study is made of the behavior of the aerodynamic eigenvalues both in

discrete and continuous time. The aerodynamic model is then incorporated into aeroelastic equations of motion. Eigenanaiyses

of the coupled equations produce stability results and modal characteristics which are valid for critical and non-critical velocities.

Insight into the modeling and physics associated with aeroelastic system behavior is gained by examining both the eigenvaiues

and the eigenvectors. Potential pitfalls in discrete time model construction and analysis are examined.
NASA

Aerodynamic Characteristics; Aeroelasticity; Eigenvalues; Eigenvectors; Mathematical Models; Vortices; Grid Generation

(Mathematics); Computational Fluid Dynamics; Two Dimensional Flow; Aerodynamics

_9_)_939_ NASA Dryden Flight Research Center, Edwards, CA USA

De_ig_ and Predictions for a High-Al_it_de (L_w-Reynold_-N_H_ber) Aerodynamic I_light E_;perime_
Greer, Donald, NASA Dryden Flight Research Center, USA; Hamory, Phil, NASA Dryden Flight Research Center, USA; Krake,

Keith, Sparta, Inc., USA; Drela, Mark, Massachusetts Inst. of Tech., USA; July 1999; 22p; In English; 17th Applied

Aerodynamics, 28 Jun. - 1 Jul. 1999, Norfolk, VA, Norfolk, VA, USA, USA

Contract(s)/Grant(s): RTOP 529-10-04

Report No.(s): NASA]TM-1999-206579; NAS 1.15:206579; H-2340; AIAA Paper 99-3183; No Copyright; Avail: CASI; A03,

Hardcopy; A01, Microfiche

A sailplane being developed at NASA Dryden Flight Research Center will support a high-altitude flight experiment. The

experiment will measure the performance parameters of an airfoil at high altitudes (70,000 to 100,000 ft), low Reynolds numbers

(200,000 to 700,000), and high subsonic Mach numbers (0.5 and 0.65). The airfoil section lift and drag are determined from pitot

and static pressure measurements. The locations of the separation bubble, Tollmien-Schlichting boundary layer instability

frequencies, and vortex shedding are measured from a hot-fill strip. The details of the planned flight experiment are presented.

Several predictions of the airfoil performance are also presented. Mark Drela from the Massachusetts Institute of Technology

designed the APEX-16 airfoil, using the MSES code. Two-dimensional Navier-Stokes analyses were performed by Mahidhar

Tatineni and Xiaolin Zhong from the University of California, Los Angeles, and by the authors at NASA Dryden.
Author

Airfoils; High Altitude; Low Reynolds Number; Navier-Stokes Equation; Aerodynamic Drag; Static Pressure; Subsonic Speed;

Boundary Layer Stability; Flight Tests
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_[999_}5_}9]_]_NASALangleyResearchCenter,Hampton,VAUSA
(,EAS/AIAA;ICA__EINASALangley h_terna|:ional Fort_m on Aeroelastk:ity and S|:rt_ct_ra! Dynamics 9

Woodrow Whitlow, Jr., Editor, NASA Glenn Research Center, USA; Todd, Emily N., Editor, Institute for Computer Applications

in Science and Engineering, USA; CEAS/AIAA]ICASE]NASA Langley International Forum on Aeroelasticity and Structural

Dynamics 1999; June 1999; 437p; In English; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and

Structural Dynamics 1999, 22-25 Jun. 1999, Williamsburg, VA, USA; Sponsored by Confederation of European Aerospace

Societies; See also 19990050912 through 19990050948
Contract(s)/Grant(s): RTOP 505-90-52-01

Report No.(s): NASA/CP-1999-209136]PT1; L-17863A; NAS 1.55:209136]PT1; No Copyright; Avail: CASI; A19, Hardcopy;

A04, Microfiche

These proceedings represent a collection of the latest advances in aeroelasticity and structural dynamics from the world

community. Research in the areas of unsteady aerodynamics and aeroelasticity, structural modeling and optimization, active

control and adaptive structures, landing dynamics, certification and qualification, and validation testing are highlighted in the

collection of papers. The wide range of results will lead to advances in the prediction and control of the structural response of

aircraft and spacecraft.
Author

Conferences; Dynamic Structural Analysis; Unsteady Aerodynamics; A eroelasticity ; Flutter Analysis; Mathematical Models

_999_5_91_2 Research and Technology Organization, Neuilly-sur-Seine, France

A New Compendi_m of Unsteady Aerodynamic Test Cases for CFD: Summary of AVT WG:_}3 Activities

Ruiz-Calavera, Luis P., Instituto Nacional de Tecnica Aeroespacial, Spain; Bennett, Robert, NASA Langley Research Center,

USA; Fox, John H., Sverdrup Technology, Inc., USA; Galbraith, Robert W., Glasgow Univ., UK; Geurts, Evert, National

Aerospace Lab., Netherlands; Henshaw, Micahel J. deC., British Aerospace Aircraft Group, UK; Huang, XingZhong, Institute
for Aerospace Research, Canada; Kaynes, Ian W., Defence Evaluation Research Agency, UK; Loeser, Thomas, Deutsche

Forschnngsanstalt fuer Luft- nnd Raumfahrt, Germany; Naudin, Pierre, Office National d'Etudes et de Recherches Aerospatiales,

France; Tamayama, Masato, National Aerospace Lab., Japan; CEAS/AIAA/ICASE/NASA Langley International Forum on

Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 1-12; In English; See also 19990050911; No Copyright; Avail:

CASI; A03, Hardcopy; A04, Microfiche

With the continuous progress in hardware and numerical schemes, Computational Unsteady Aerodynamics (CUA), that is,

the application of Computational Fluid Dynamics (CFD) to unsteady flowfields, is slowly finding its way as a useful and reliable

tool (turbulence and transition modeling permitting) in the aircraft, helicopter, engine and missile design and development

process. Before a specific code may be used with confidence it is essential to validate its capability to describe the physics of the

flow correctly, or at least to the level of approximation required, for which purpose a comparison with accurate experimental data

is needed. Unsteady wind tunnel testing is difficult and expensive; two factors which dramatically limit the number of

organizations with the capability and/or resources to perform it. Thus, unsteady experimental data is scarce, often classified and

scattered in diverse documents. Additionally, access to the reports does not necessarily assure access to the data itself. The

collaborative effort described in this paper was conceived with the aim of collecting into a single easily accessible document as

much quality data as possible. The idea is not new. In the early 80's NATO's AGARD (Advisory Group for Aerospace Research

& Development) Structures and Material Panel (SMP) produced AGARD Report No. 702 "Compendium of Unsteady

Aerodynamic Measurements", which has found and continues to find extensive use within the CUA Community. In 1995

AGARD's Fluid Dynamics Panel (FDP) decided to update and expand the former database with new geometries and physical

phenomena, and launched Working Group WG-22 on "Validation Data for Computational Unsteady Aerodynamic Codes".

Shortly afterwards AGARD was reorganized as the RTO (Research and Technology Organization) and the WG was renamed as

AVT (Applied Vehicle Technolology) WG-003. Contributions were received from AEDC, BAe, DLR, DERA, Glasgow

University, IAR, NAL, NASA, NLR, and ONERA. The fmal publication with the results of the exercise is expected in the second

part of 1999. The aim of the present paper is to announce and present the new database to the Aeroelasticity community. It is also

intended to identify, together with one of the groups of end users it targets, deficiencies in the compendium that should be
addressed by means of new wind tunnel tests or by obtaining access to additionally existing data.
Derived from text

Data Bases; Unsteady Aerodynamics; Wind Tunnel Tests; Data Management; Data Integration; Aerodynamic Configurations

1999_F_9_6 Pisa Univ., Dipt. di Ingegneria Aerospaziale, Italy

MDO of an Innovative Configuration: Aerody_mmie Iss_es

Bernardini, G., Pisa Univ., Italy; Frediani, A., Pisa Univ., Italy; Morino, L., Rome III Univ., Italy; CEAS/AIAA/ICASE/NASA



LangleyInternationalForumonAeroelasticityandStructuralDynamics1999;June1999,Pt.1,pp.43-52;InEnglish;Seealso
19990050911;NoCopyright;Avail:CASI;A02,Hardcopy;A04,Microfiche

Anumericalmethodologyfortheevaluationofaerodynamicloadsactingonacomplexliftingconfigurationispresented.
Theworkislimitedtothecaseofattachedhigh-Reynoldsnumberflows.Aviscous/potentialinteractiontechniqueisutilizedto
takeintoaccounttheeffectsof theviscosity.Forthepotential-flowanalysis,aboundaryelementformulationis used;for
simplicity,onlyincompressibleflowsareexamined;thewakegeometryiseitherprescribedaprioriorisdeterminedaspartof
thesolution(free-wakeanalysis).Thetheoreticalbasisofthepresentmethodologyisbrieflydescribed.Comparisonsofpresent
numericalresultswithanalytical,numerical,andexperimentalresultsavailableintheliteratureareincluded.
Author

Aerodynamic Loads; Multidisciplinary Design Optimization; Potential Flow; Viscous Flow; Mathematical Models

1999_050939 Aerospatiale, Airbus Division, Toulouse, France

A Reduced Basis M_del for Aeroelasfic ()pfimizafio_

Grihon, S., Aerospatiale, France; Esquerre, J. P., Aerospatiale, France; CEAS/AIAA/ICASE/NASA Langley International Forum

on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 325-332; In English; See also 19990050911; No Copyright;

Avail: CASI; A02, Hardcopy; A04, Microfiche

A method is proposed by which the computational efficiency of the aeroelastic sizing optimization process is improved. It

uses a reduced basis model approach. This reduced basis model is first validated through flutter simulations under large structural

modifications. The test case is a simplified model of a four engine aircraft wing. It is then applied to a flutter optimization study.

The case studied is a full model of a large four engine aircraft. The flutter behavior of this model is controlled through an

optimization of engine pylons. For a comparison purpose, two optimization methods are applied to this second case. The first one

is the classical approach using exact modal and flutter reanalysis at each iteration, the second one uses the reduced basis model.

Results are very close, but the optimization with the reduced basis model is considerably faster. It facilitates mode tracking during

the optimization process as well as rapid evaluations of alternative optimization problem formulations.
Author

Aeroelasticity ; Optimization; Flutter Analysis; Wings; Mathematical Mode&; Aircraft Mode&; Dynamic Mode&

1999_050942 NASA Langley Research Center, Hampton, VA USA

Reduced Order Mode|s Based on Linear a_d NoMinear Aerodynamic Impulse Respo_ses

Silva, Walter A., NASA Langley Research Center, USA; CEAS/AIAA/ICASE/NASA Langley International Forum on

Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 369-380; In English; See also 19990050911; No Copyright;

Avail: CASI; A03, Hardcopy; A04, Microfiche

This paper discusses a method for the identification and application of reduced-order models based on linear and nonlinear

aerodynamic impulse responses. The Volterra theory of nonlinear systems and an appropriate kernel identification technique are

described. Insight into the nature of kernels is provided by applying the method to the nonlinear Riccati equation in a

non-aerodynamic application. The method is then applied to a nonlinear aerodynamic model of an RAE 2822 supercritical airfoil

undergoing plunge motions using the CFL3D Navier-Stokes flow solver with the Spalart-Allmaras turbulence model. Results

demonstrate the computational efficiency of the technique.
Author

Turbulence Models; Mathematical Models; Dynamic Response; Volterra Equations; Nonlinear Systems; Navier-Stokes

Equation; Kernel Functions; Dynamic Models; Computational Fluid Dynamics; Aeroelasticity

1999_050946 Tsentralni Aerogidrodinamicheskii Inst., Zhukovsky, Russia

Influence of N_np_anar Supers_nic Imerference on Aeroelasfic Characteristics

Kouzmin, V., Tsentralni Aerogidrodinamicheskii Inst., Russia; Kouzmina, S., Tsentralni Aerogidrodinamicheskii Inst., Russia;

Mosounov, V., Tsentralnl Aerogidrodinamicheskii Inst., Russia; Ishmuratov, E, Tsentralni Aerogidrodinamicheskii Inst., Russia;

CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp.

415-424; In English; See also 19990050911; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

A new version of supersonic panel method for computing the generalized aerodynamic forces on nonplanar lifting surfaces

is described. Integral equation relating the velocity potential and a unit value of pressure distribution has been used. A flexible

improved numerical procedure has been developed for the achievement of the high accuracy at different Mach numbers, reduced

frequencies and panels dimensions. In practice proposed computer code has no restrictions for above mentioned parameters.

Applied for the computational flutter investigations a software package KC-2 includes unified computer code for analysis in

subsonic and supersonic flow because of the basic data organization is the same in both cases. Proposed method is illustrated by
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theflutterandstaticaeroelasticcharacteristicscalculationsfor modernaircraft.Theinfluenceof nonplanarsupersonic
interferenceon obtained results is analyzed.
Author

Flutter Analysis; Panel Method (Fluid Dynamics); Supersonic Flow; Aerodynamic Interference; Aeroelasticity; Aerodynamic

Forces; Unsteady Aerodynamics

IL999#{}52585 Boeing Commercial Airplane Co., Advanced Development Aerodynamics, Seattle, WA USA

lt_gh Reynokls Nm_ber Hybrid Laminar Flow Con_ro_ (HLFC) F_ight Exper_me_L Report 4, Sucti_m System Des_g_ a_d

Ma_ufacture_ Dec, 1987 - Aug° 1991

April 1999; ll0p; In English

Contract(s)/Grant(s): NAS 1-18574; RTOP 522-32-31-01

Report No.(s): NASA/CR-1999-209326; NAS 1.26:209326; No Copyright; Avail: CASI; A06, Hardcopy; A02, Microfiche

This document describes the design of the leading edge suction system for flight demonstration of hybrid laminar flow control

on the Boeing 757 airplane. The exterior pressures on the wing surface and the required suction quantity and distribution were

determined in previous work. A system consisting of porous skin, sub-surface spanwise passages ("flutes"), pressure regulating

screens and valves, collection fittings, ducts and a turbocompressor was defined to provide the required suction flow. Provisions

were also made for flexible control of suction distribution and quantity for HLFC research purposes. Analysis methods for

determining pressure drops and flow for transpiration heating for thermal anti-icing are defined. The control scheme used to

observe and modulate suction distribution in flight is described.
Author

Laminar Boundary Layer; High Reynolds Number; Boundary Layer Control; Flight Tests; Suction

IL999#{}52586 Boeing Commercial Airplane Co., Advanced Development Aerodynamics, Seattle, WA USA

High Reynolds Nm_ber Hybrid Laminar Fl_w Control (HLFC) Fright l,;xperh_e_t_ Report 2, Aer_dynamic Design

April 1999; 170p; In English

Contract(s)/Grant(s): NAS 1-18574; RTOP 522-32-31-01

Report No.(s): NASA/CR-1999-209324; NAS 1.26:209324; No Copyright; Avail: CASI; A08, Hardcopy; A02, Microfiche

This document describes the aerodynamic design of an experimental hybrid laminar flow control (HLFC) wing panel

intended for use on a Boeing 757 airplane to provide a facility for flight research on high Reynolds number HLFC and to

demonstrate practical HLFC operation on a full-scale commercial transport airplane. The design consists of revised wing leading

edge contour designed to produce a pressure distribution favorable to laminar flow, definition of suction flow requirements to

laminarize the boundary layer, provisions at the inboard end of the test panel to prevent attachment-line boundary layer transition,

and a Krueger leading edge flap that serves both as a high lift device and as a shield to prevent insect accretion on the leading edge

when the airplane is taking off or landing.
Author

Laminar Flow; Boundary Layer Control; Laminar Boundary Layer; High Reynolds Number; Boundary Layer Transition;

Aerodynamics

1999_}52613 NASA Dryden Flight Research Center, Edwards,CA USA

Flight-Determi_ed Subs(_nic Li_ and _)rag Characteristics of Seven Liffing_Body and Wing-Body Reentry Vehk:le

C(mfigurat_ons With "fr_meated Bases

Saltzman, Edwin J., Analytical Services and Materials, Inc., USA; Wang, K. Charles, Aerospace Corp., USA; Iliff, Kenneth W.,

NASA Dryden Flight Research Center, USA; Jan. 1999; 33p; In English; Aerospace Sciences, 11-14 Jan. 1999, Reno, NV, USA;

Sponsored by American Inst. of Aeronautics and Astronautics, USA

Contract(s)/Grant(s): RTOP 529-50-04

Report No.(s): H-2287; AIAA Paper 99-0383; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

This paper examines flight-measured subsonic lift and drag characteristics of seven lifting-body and wing-body reentry

vehicle configurations with truncated bases. The seven vehicles are the full-scale M2-F1, M2-F2, HL-10, X-24A, X-24B, and

X-15 vehicles and the Space Shuttle prototype. Lift and drag data of the various vehicles are assembled under aerodynamic

performance parameters and presented in several analytical and graphical formats. These formats unify the data and allow a greater

understanding than studying the vehicles individually allows. Lift-curve slope data are studied with respect to aspect ratio and

related to generic wind-tunnel model data and to theory for low-aspect-ratio planforms. The proper definition of reference area

was critical for understanding and comparing the lift data. The drag components studied include minimum drag coefficient,

lift-related drag, maximum lift-to-drag ratio, and, where available, base pressure coefficients. The effects of fineness ratio on



forebodydragwerealsoconsidered.Theinfluenceofforebodydragonafterbody(base)dragatlowlift isshowntoberelated
toHoeruer'scompilationforbody,airfoil,nacelle,andcanopydrag.Theseanalysesareintendedtoprovideausefulanalytical
frameworkwithwhichtocompareandevaluatenewvehicleconfigurationsof the same generic family.
Author

Lift; Reentry Vehicles; Aerodynamic Drag; Body-Wing Configurations; Subsonic Flow; Lifting Reentry Vehicles

_999_52644 NASA Langley Research Center, Hampton, VA USA

Experime_tal and Comp_tafionaJ Inves_iga_io_ of a 'l-'ra_s|ating-Throa_ Si_gle-Expa_sio_-Ramp NozzJe

Deere, Karen A., NASA Langley Research Center, USA; Asbury, Scott C., NASA Langley Research Center, USA; May 1999;

5 lp; In English

Contract(s)/Grant(s): RTOP 522-21-51-04

Report No.(s): NASA/TP-1999-209138; NAS 1.60:209138; L-17708; No Copyright; Avail: CASI; A04, Hardcopy; A01,
Microfiche

An experimental and computational study was conducted on a high-speed, single-expansion-ramp nozzle (SERN) concept

designed for efficient off-design performance. The translating-throat SERN concept adjusts the axial location of the throat to

provide a variable expansion ratio and allow a more optimum jet exhaust expansion at various flight conditions in an effort to

maximize nozzle performance. Three design points (throat locations) were investigated to simulate the operation of this concept

at subsonic-transonic, low supersonic, and high supersonic flight conditions. The experimental study was conducted in the jet exit

test facility at the Langley Research Center. Internal nozzle performance was obtained at nozzle pressure ratios (NPR's) up to 13

for six nozzles with design nozzle pressure ratios near 9, 42, and 102. Two expansion-ramp surfaces, one concave and one convex,

were tested for each design point. Paint-oil flow and focusing schlieren flow visualization techniques were utilized to acquire

additional flow data at selected NPR'S. The Navier-Stokes code, PAB3D, was used with a two-equation k-e turbulence model

for the computational study. Nozzle performance characteristics were predicted at nozzle pressure ratios of 5, 9, and 13 for the

concave ramp, low Mach number nozzle and at 10, 13, and 102 for the concave ramp, high Mach number nozzle.
Author

Nm, ier-Stokes Equation; Throats; Exhaust Nozzles; Nozzle Design; Computational Fluid Dynamics; K-Epsi&n Turbulence

Model; Nozzle Efficiency

I_999_K_2669 Academy of Sciences (USSR), Inst. of Theoretical and Applied Mathematics, Novosibirsk, USSR

S_perso_K Leading Edge Receptivity

Maslov, Anatoly A., Academy of Sciences (USSR), USSR; June 1998; 140p; In English

Contract(s)/Grant(s): NCC 1-240; RTOP 282-10-01-01

Report No.(s): NASA/CR-1999-208445; NAS 1.26:208445; No Copyright; Avail: CASI; A07, Hardcopy; A02, Microfiche

This paper describes experimental studies of leading edge boundary layer receptivity for imposed stream disturbances.

Studies were conducted in the supersonic T-325 facility at ITAM and include data for both sharp and blunt leading edges. The

data are in agreement with existing theory and should provide guidance for the development of more complete theories and

numerical computations of this phenomena.
Author

Boundary Layer Transition; Viscous Flow; Sharp Leading Edges; Leading Edges

i_999_52671 Boeing Commercial Airplane Co., Advanced Development Aerodynamics, Seattle, WA USA

High Rey_olds N_mber Hybrid Lami_ar Fh)w Co_tro! (JHJFC) Flight Experime_L 3_ Leading Edge Design_ Fabricafion_
and [_sta_aHo_

April 1999; 92p; In English

Contract(s)/Grant(s): NAS 1-18574; RTOP 522-32-31

Report No.(s): NASA/CR-1999-209325; NAS 1.26:209325; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

This document describes the design, fabrication, and installation of the suction panel and the required support structure,

ducting, valving, and high-lift system (Krueger flaps) for flight demonstration of hybrid laminar flow control on the Boeing 757

airplane.
Author

Boundary Layer Control; Laminar Boundary Layer; Laminar Flow; Flight Tests; Suction
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IL999_)52675 NASA Langley Research Center, Hampton, VA USA

..... _ .... ,_ _ 19 9_ Pt, 2(,ti;AS/AIAA,'ICA__EINASA Langley h_terlm|:ional For_m (m Aeroelasticity and S|:r_ct_ra! Dynamics " 9

Whitlow, Jr., Woodrow, Editor, NASA Glenn Research Center, USA; Todd, Emily N., Editor, Institute for Computer Applications

in Science and Engineering, USA; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural

Dynamics 1999; June 1999; 419p; In English; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and

Structural Dynamics 1999, 22-25 Jun. 1999, Williamsburg, VA, USA; Sponsored by Confederation of European Aerospace

Societies; See also 19990052676 through 19990052709
Contract(s)/Grant(s): RTOP 505-90-52-01

Report No.(s): NASA/CP-1999-209136/PT2; L-17863B; NAS 1.55:209136/PT2; No Copyright; Avail: CASI; A18, Hardcopy;

A04, Microfiche

The proceedings of a workshop sponsored by the Confederation of European Aerospace Societies (CEAS), the American

Institute of Aeronautics and Astronautics (AIAA), the National Aeronautics and Space Administration (NASA), Washington,

D.C., and the Institute for Computer Applications in Science and Engineering (ICASE), Hampton, Virginia, and held in

Williamsburg, Virginia June 22-25, 1999 represent a collection of the latest advances in aeroelasticity and structural dynamics

from the world community. Research in the areas of unsteady aerodynamics and aeroelasticity, structural modeling and

optimization, active control and adaptive structures, landing dynamics, certification and qualification, and validation testing are

highlighted in the collection of papers. The wide range of results will lead to advances in the prediction and control of the structural

response of aircraft and spacecraft.
Author

Conferences; Dynamic Structural Analysis; Unsteady Aerodynamics; A eroelasticity ; Flutter Analysis; Mathematical Mode&

].999_52676 Virginia Polytechnic Inst. and State Univ., Center for Intelligent Materials, Systems, and Structures, Blacksburg,
VA USA

Vor_ex-La_t_ce-_'_e_h_d _o A_a_yze Aer(_dynam_c _terference _f Wing/Pfi(m/Sto_e C(mfigura_ions (_|°an Fil6 Wing

Cattarius, J., Virginia Polytechnic Inst. and State Univ., USA; Preidikman, S., Virginia Polytechnic Inst. and State Univ., USA;

Mook, D. T., Virginia Polytechnic Inst. and State Univ., USA; Inman, D. J., Virginia Polytechnic Inst. and State Univ., USA;

CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp.

443-456; In English; See also 19990052675; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

This paper will show initial results of a complete aeroelastic F16-1ike semi-span wing model, used to analyze the feasibility

of piezoelectric stack actuation as a wing/store flutter suppression system. The model can identify the presence of aerodynamic

interference between the store, pylon, and wing wakes and examine its significance with respect to the pressure and lift forces

on the participating bodies. The wing and store data considered in this analysis, represent an F16 configuration that was identified

to induce flutter in flight at subsonic speeds. The pylon is based on the concept of the decoupler pylon, introduced by Reed and

Foughner in 1978 and flight tested in the early 1980's, and models both yaw and pitching motion of the store. The complete

aeroelastic model is simulated in ABAQUS which has been augmented by the unsteady-vortex-lattice-method (UVLM) to

calculate the aerodynamic loading. Both codes communicate through an iterative handshake procedure during which

displacements and air loads are updated. For each increment in time the force/displacement equilibrium is found in this manner.

At this point, the analysis is confined to a static analysis of the flexible structure. The wing is modeled as an elastic plate and pylon

and store are rigid bodies. The store is connected to the pylon through an elastic joint possessing two degrees of freedom, pitch

and yaw, respectively.
Author

Aerodynamic Interference; Aerodynamic Loads; Aeroelasticity; Flutter; Vibration Damping; Vortex Lattice Method;

Wing-Fuselage Stores; Semispan Mode&; Body-Wing Configurations

i_999g_)5267,_ Technion - Israel Inst. of Tech., Faculty of Aerospace Engineering, Haifa, Israel

StructurM ()pfimizat_m U_ng C(waputat_(ma| Aerodynam_c_

Raveh, Daniella E., Georgia Inst. of Tech., USA; Levy, Yuval, Technion - Israel Inst. of Tech., Israel; Karpel, Moti, Technion -

Israel Inst. of Tech., Israel; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics

1999; June 1999, Pt. 2, pp. 469-482; In English; See also 19990052675; No Copyright; Avail: CASI; A03, Hardcopy; A04,
Microfiche

A recently developed methodology for aircraft structural design, based on nonlinear airloads, is extended to include a

modal-based optimization option, and an optional different computational aerodynamics code for loads analysis. Nonlinear

maneuver loads are evaluated by a newly developed computational scheme that efficiently combines fluid dynamics iterations

with iterations for elastic shape deformations and trim corrections. An efficient design process is obtained by performing several



optimizationrunsduringonemaneuverloadsanalysis,whereeachoptimizationisbasedontheinterimnon-convergedairloads.
Thismethodwasrecentlypresentedwithstructuraloptimizationbasedonfull-size,discrete-coordinateanalyses,toallowthe
applicationofthemethodwithlargefinite-elementmodelsandmanyconstraints,thediscrete-coordinatesoptimizationisreplaced
byamodal-basedoptimizationwhereasetoflow-frequencyvibrationmodesofthebaselinestructureisusedtorepresentthe
structurethroughouttheoptimization,bothforresponseanalysisandforsensitivityanalysis.Comparativemodal-basedand
discrete-coordinatedesigncasesareshowntoconvergetothesameoptimaldesignvariablevalues,eventhoughtheydonotfollow
thesamepath.Thecurrentstudyalsoextendstheloadsanalysisbyreplacingtheflowcomputationwithanewlydevelopedcode
thathandlescomplexgeometriesbyusingtheChimeraoversetgridmethod.Thismethodgreatlysimplifiestheprocessofgrid
generationandthereforeallowsforrealisticcomplexconfigurationstobeconsidered.Moreover,themethodavoidstheproblem
ofmeshdiscontinuitiesduetoelasticshapedeformationsandcontrolsurfacedeflections,asthedisplacementsofeachcomponent
onlyaffectthecomponent'smesh.Themethodisdemonstratedwithawing-fuselage-elevatortransportaircraftmodelperforming
symmetricandantisymmetricmaneuversatMach0.85.
Author

Aerodynamic Loads; Computational Fluid Dynamics; Aircraft Structures; Optimization; Elastic Deformation; Vibration Mode;

Computational Grids; Structural Design; Applications Programs (Computers)

:_999_3927_33 Boeing Co., Loads and Dynamics, Long Beach, CA USA

Improvir_g the Co_verge_ce of the D_ub_et-Lattk°e Method 'H_rough Tip Correcti_ns

Baker, Myles L., Boeing Co., USA; Rodden, William P., Rodden (William P.), USA; CEAS/AIAA/ICASE/NASA Langley

International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp. 763-776; In English; See also

19990052675; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

In 1973 Hough studied the slow convergence of the Vortex-Lattice Method (VLM) as the number of spanwise divisions
(strips) is increased. Specifically, the lift curve slope of a lifting surface was shown to decrease significantly as the resolution of

the lattice was increased, converging to the "true" value only with relatively fine spanwise divisions. Impressive improvements

in the converged results were achieved when equally spaced divisions of the lifting surface were inset from the tip by a fraction

of the strip width. Hough demonstrated the improvement via the tip inset on a number of wing planforms at a constant angle of

attack. Hough's argument was based on an elliptical lift distribution which is a reasonable assumption in the steady, symmetric

case. The present paper investigates also cases where elliptical lift distributions are not expected, specifically, the antisymmetric

motion of rolling, elastic motions, and oscillatory motions with high reduced frequencies. The beneficial effect of the tip inset

is observed in all cases investigated.
Author

Convergence; Correction; Unsteady Aerodynamics; Vortex Lattice Method; Wing Tips; Lift; Control Surfaces

i_999_52751_ Washington Univ., Seattle, WA USA

Integrated Aeroserw)elasfic Oplimizat_oa: Slat_s and Direction

Livne, Eli, Washington Univ., USA; Journal of Aircraft; February 1999; Volume 36, No. 1, pp. 122-145; In English; Structures,
Structural Dynamics, and Materials, 7-10 Apr. 1997, Kissimmee, FL, USA; Sponsored by American Inst. of Aeronautics and

Astronautics, USA

Contract(s)/Grant(s): NAG2-723

Report No.(s): Paper-97-1409; Copyright; Avail: Issuing Activity, Hardcopy, Microfiche

The interactions of lightweight flexible airframe structures, steady and unsteady aerodynamics, and wide-bandwidth active

controls on modern airplanes lead to considerable multidisciplinary design challenges. More than 25 years of mathematical and

numerical methods' development, numerous basic research studies, simulations and wind-tunnel tests of simple models,

wind-tunnel tests of complex models of real airplanes, as well as flight tests of actively controlled airplanes, have all contributed

to the accumulation of a substantial body of knowledge in the area of aeroservoelasticity. A number of analysis codes, with the

capabilities to model real airplane systems under the assumptions of linearity, have been developed. Many tests have been

conducted, and results were correlated with analytical predictions. A selective sample of references covering aeroservoelastic

testing programs from the 1960s to the early 1980s, as well as more recent wind-tuunel test programs of real or realistic

configurations, are included in the References section of this paper. An examination of references 20-29 will reveal that in the

course of development (or later modification), of almost every modern airplane with a high authority active control system, there

arose a need to face aeroservoelastic problems and aeroservoelastic design challenges.
Derived from text

Aeroservoelasticity; Aircraft Structures; Active Control; Flight Tests; Numerical Analysis
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IL(_9(_(_}5314_ Office National d'Etudes et de Recherches Aerospatiales, Dept. Commande des Systemes et Dynamique de Vol,
Paris, France

Aerodynamic Pert_rbations Encountered by a Ildieopter Landing on a Ship: Effects on the Helicopter Flight Dynamics

Taghizad, A., Office National d'Etudes et de Recherches Aerospatiales, France; Verbeke, C., Institut de Mecanique des Fluides

de Lille, France; Desopper, A., Office National d'Etudes et de Recherches Aerospatiales, France; Fluid Dynamics Problems of

Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp. 6-1 - 6-16; In English; See also 19990053143; Copyright

Waived; Avail: CASI; A03, Hardcopy; A03, Microfiche

This paper describes a French activity on helicopter ship landing operations simulation improvement. ONERA, under SPAe
funding (Service des Programmes Aeronautiques), has developed an aerodynamic disturbance model around the landing deck of

a frigate La Fayette, and has tested its effects on helicopter flight dynamics. Wind ttmnel tests were carried out in ONERA-IMFL

with a 1/50th scaled model of the La Fayette. Three dimensional measurements of the mean wind speed and velocity fluctuations

were performed around the landing deck area. The La Fayette aerodynamic wake model includes a mean wake mode (1) to which

a turbulence model adds velocity fluctuations measurements. The model was connected to the Eurocopter Helicopter Overall

Simulation Tool (HOST). Simulations of flights above the deck with this model demonstrated important effects of the ship

air-wake on the helicopter flight dynamics. This paper describes the test results obtained and the work performed in modelling

the La Fayette wake and its influence on the helicopter flight dynamics.
Author

Perturbation; Aerodynamic Characteristics; Landing Simulation; Turbulence Models; Velocity Measurement; Wind Velocity;

Ships

i_999_531_61_ Academy of Sciences of the Ukraine, Inst. of Hydromechanics, Kiev, Ukraine

l][ydrodynam_ca_ Characteristics of an Ekra_op|ane W_g FUng Near the Wavy Sea S_rface

Byelinskyy, V. G., Academy of Sciences of the Ukraine, Ukraine; Zinchnk, P. I., Academy of Sciences of the Ukraine, Ukraine;
Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp. 18-1 - 18-12; In English;

See also 19990053143; Copyright Waived; Avail: CASI; A03, Hardcopy; A03, Microfiche

Some results of experimental studies conducted at the Institute of Hydromechanics of Ukrainian National Academy of

Sciences applicable to the problem of ekranoplane creating are presented in this paper. The aim of these research works was to

determine the influence of proximity of the flat and wavy screen upon aerodynamics of the ekranoplane's wing. Experimental

installation and procedure of the experiment are described. Instantaneous values of lift, drag and position of the center of pressure

for a wing moving above the flat and wavy screen have been defined. It has been determined that influence of the angle of attack,

the aspect ratio, the distance to a flat and wavy screen as well as the wave length and wave height of a wavy screen on the wing

lift. The measurement results of forces and moments on the wing moving above the oblique waves are given.
Author

Aerodynamics; Hydromechanics; Hydrodynamics; Wings; Ground Effect Machines; Surface Effect Ships; Water Vehicles

_999_53_ 62 Marine Technical Univ., Saint Petersburg, Russia

TheoretieaJ Analysis of Oy_amics of a WIG Vehicle i_ Extreme Ground Effect
Rozhdestvensky, K. V., Marine Technical Univ., Russia; Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea

Interface; February 1999, pp. 19-1 - 19-10; In English; See also 19990053143; Copyright Waived; Avail: CASI; A02, Hardcopy;

A03, Microfiche

The paper discusses asymptotic form of the equations of longitudinal motion of ekranoplane in extreme ground effect, i.e.

for very small relative ground clearances h. Derivation of "quartic" and "quintic" characteristic equations of unsteady perturbed

motion is presented. One-dimensional unsteady non-linear theory of a simple flying wing with endplates, moving in close

proximity to the ground, is used to determine derivatives of major aerodynamic coefficients with respect to perturbations of height

and pitch as well as asymptotic behavior of these derivatives for vanishing h. Asymptotics of perturbed equations of motion is

derived for distances of the order of the chord from the moment of perturbation. It is shown that in very close proximity to the

ground parameters of stability and motion of the lifting system depend on ratios of design pitch angle and curvature of the lower

side of the wing to relative ground clearance h as well as on a "reduced" density of the vehicle. The analysis also shows that at

distances of the order of the chord from the moment of perturbation the vehicle performs corresponding induced motions in height

and pitch, its speed remaining almost the same. At distances of the order of chord/h there takes place variation of speed mostly

driven by height and pitch perturbations. At distances of the order of chord/h(exp 2) variation of speed of the craft is due to speed

perturbation proper.
Author

Unsteady Aerodynamics; Asymptotic Properties; Equations of Motion; Ground Effect (Aerodynamics); Ground Effect Machines
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19990{}53164SaintPetersburgInst.ofAerospaceInstrumentation,SaintPetersburg,Russia
AerodynamicSchemeofEkran(_planeOptimiza|:ionwith Reference J,_ New Areas _f Application

Nebylov, A. V., Saint Petersburg Inst. of Aerospace Instrumentation, Russia; Zhigalko, E. T., Saint Petersburg State Univ., Russia;

Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp. 21-1 - 21-8; In English; See
also 19990053143

Contract(s)/Grant(s): RFBR-96-01-00010; Copyright Waived; Avail: CASI; A02, Hardcopy; A03, Microfiche

Opportunities of a choice of the expedient scheme of a large scale ekranoplane (LE) which would ensure the self-stabilization

of an angle of attack and the controllability and would improve its properties required, for example, in using LE as a booster for
an aerospace plane or as a sea rescue carrier are considered herein. The treated arrangement differs from known ones by utilizing

less amount of aircraft elements which are not fully effective in flight of this type.
Author

Flight Optimization; Flight Mechanics; Air Transportation

1999_53166 National Aerospace Lab., Amsterdam, Netherlands

Aerodynamic Analysis of a Surface Piercing Hydrofoil:C(mJ:rolled Wing-In:Gr(mnd Efl'ect Seabus C(mfigm'afion

Progress Report

vanBeek, C. M., National Aerospace Lab., Netherlands; Oskam, B., National Aerospace Lab., Netherlands; Fantacci, G.,

Intermarine S.p.A., Italy; Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp.

23-1 - 23-18; In English; See also 19990053143; Copyright Waived; Avail: CASI; A03, Hardcopy; A03, Microfiche

Preliminary design investigations are presented for a Wing-In-Grotmd effect craft (SEABUS) in the framework of a European

project on technology development for this type of vehicle. The concept of the craft features hydrodynamic control surfaces and

a water jet propulsion system. A computational tool is developed and used to investigate the static equilibrium of lift, drag and

pitching moment on the complete configuration over the entire speed range by taking the aerodynamic, hydrodynamic and

propulsion contributions into account at the same time. Hydrodynamics turns out to be one of the key factors. At cruise speed the

total drag of the presently proposed configuration is dominated by the hydrodynamic contributions of the submerged components.

Limited effort has been spent on the design of the wing and the high lift system. Aerodynamic analysis of this design shows fair
correspondence in terms of lift with the required lift values obtained from the preliminary design method. Ground effect trends

on performance are correctly calculated. Optimization of the wing and high lift system has to be pursued.
Author

Piercing; Hydrofoils; Ground Effect (Aerodynamics); Design Analysis; Aircraft Design; Wings; Ground Effect Machines

1999{}{_5316g Joint Stock Co. Agency for Technologies and Transport, Nizhny Novgorod, Russia

A View of the Present State of Research in Aero- and Hydr(_dynamies _)f Ekranoplan_

Maskalik, A. I., Joint Stock Co. Agency for Technologies and Transport, Russia; Rozhdestvensky, K. V., Marine Technical Univ.,

Russia; Sinitsyn, D. N., Joint Stock Co. Agency for Technologies and Transport, Russia; Fluid Dynamics Problems of Vehicles

Operating Near or in the Air-Sea Interface; February 1999, pp. 25-1 - 25-12; In English; See also 19990053143; Copyright

Waived; Avail: CASI; A03, Hardcopy; A03, Microfiche

Ekranoplans as a novel very high-speed craft is one of the promising transportation alternatives of the next millennium. The

paper presents a viewpoint upon present state of research relevant to development of ekranoplans with focus on Russian

achievements in this field. Discussed are the problems of aerodynamics, hydrodynamics and dynamics of ekranoplans with

particular attention to the matters related to use of power augmentation and peculiarities of static and dynamic stability.
Author

Air Transportation; Hydrodynamics; Static Stability; Dynamic Stability; Ground Effect Machines

1999{}{_53173 Fischer-Flugmechanik, Willich, Germany

The Hoverwing Technology: Bridge Between WIG a_d ACV

Fischer, Hanno, Fischer-Flugmechanik, Germany; Matjasic, Klaus, Fischer-Flugmechanik, Germany; Fluid Dynamics Problems

of Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp. 30-1 - 30-8; In English; See also 19990053143;

Copyright Waived; Avail: CASI; A02, Hardcopy; A03, Microfiche

Wingships (WIG, Wing in Ground) utilize water as runways to reach their lift-off speed, which is determined by the wing

loading. High Wing loadings are desirable for high cruising speeds with inherent height and longitudinal stability, to build up the

necessary dynamic air pressure under the wing, they need roughly 3 times more power to overcome the hydrodynamic hump-drag

compared to the drag during ground effect flight. So it is necessary to develop suitable devices as lift-off-aids in order to reduce

the recommended power. With support of the German Ministry for R and D (BMB+F) Fischer-Flugmechanik (FF) has developed
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the "Hoverwing - Technology" in order to further reduce the necessary lift-off power. The principle of this technology, for which

FF has patent rights, is the building up of static air pressure between the catamaran float. After lift-off the dynamic pressure will

replace the static pressure and the craft operates as a WIG with high lift to drag ratios. FF is developing the "Hoverwing 80", with

the target to transport 80 passengers at 100 kts. Some tests results with a scaled down two Seater will be demonstrated by video
extracts.

Author

Ground Effect (Aerodynamics); Aircraft Design; Ground Effect Machines

:_999{}_53326 Air Force Flight Test Center, Edwards AFB, CA USA

Resu_|:s of Attempts |:o Prevent Departure and/or Pilot-Induced ()sciHati(ms iP]_O) D_e to Ac_tuat(w R_te IAmJting in

High_y-Augme_ted Fighter FIig_t C(m_ro_ Sy_tem_ (HAVE F[L/I'ER)_ I - 18 Sep, 1998

Chapa, Michael; Flick, Eric; Kraabel, Darren; Letourneau, Matthew; Parker, Terry; Mar. 1999; 76p; In English

Report No.(s): AD-A362947; AFFTC-TR-98-26; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

The objective of this effort was to evaluate the effects of software rate limiting the pilot command with and without a software

pre-filter on a highly-angmented fighter aircraft flight control system. The software rate limiter and software pre-filter were

designed to provide protection from departure and/or pilot-induced oscillation (PIO). In statically unstable aircraft stabilized with

feedback, elevator/stabilator actuator rate limiting may lead to PIOs and/or departure during aggressive maneuvers. This project

examined the use of a software rate limiter (SWRL) on the pilot command and compared the results with those for the unprotected

airframe. Additionally, a nonlinear rate limiter pre-filter (RLPF) was used in conjunction with the SWRL. Previous attempts to

suppress PIO and/or departure tendencies using similar technologies have encountered difficulty with noise-in-the-loop and

out-of-trim bias development during filter operation. This project attempted to improve previous designs using a different

algorithm for the RLPF. The SWRL was found to help prevent PIO and/or departure. The RLPF plus SWRL was generally found

to be more helpful than the SWRL alone at preventing PIO and/or departure. However, handling qualities deficiencies arose when

using low SWRL settings and worsened with low SWRL settings used in conjunction with the RLPE
DTIC

Pilot Induced Oscillation; Actuators; Flight Control

i_999_53471_ Innovative Scientific Solutions, Inc., Beavercreek, OH USA

Dew_l(_pmenI _nd Applicati(m (_f a_ Adva_ced Optic_l J[_ased Press_re _str_m_en|: for Low-Speed Flows FinalReport_ 7

A_go 1997- 7 Feb. 1998

Jordan, Jeff D.; Goss, Larry P.; Feb. 07, 1998; 47p; In English

Contract(s)/Grant (s): F33615-97-C-3005

Report No.(s): AD-A362829; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

The STTR Phase I program targeted the development and application of advanced optical based systems the determination

of surface-pressure distributions on test models in the Subsonic Aerodynamic Research Laboratory (SARL) at Wright Laboratory.

The low-speed flows (0.1 less than or equal M less than or equal 0.5) encountered in the SARL facility effect relatively small

changes in surface pressure, typically 1-2 psi about ambient (14.7 psia). As a result, quantitative surface-pressure determination

in this environment remained contingent on the development of innovative pressure-sensitive paint (PSP)-coating and

optical-measurement technology possessing the requisite sensitivity characteristics. The technical effort encompasses three

primary objectives-the development of advanced PSP systems, data-acquisition instrumentation and measurement techniques,

and post-processing software. In the Phase I effort, we have coupled the tools of sol-gel-processing technology and inorganic

synthetic chemistry for the development of stable PSP's exhibiting tunable performance characteristics. Phase I research has

produced sol-gel-based PSP's exhibiting significant improvements in sensitivity about ambient pressure, reduced temperature

sensitivity (80%), and fast (>1 kHz) temporal response. Non-intrusive, optical-based measurement techniques capable of accurate

pressure measurements in low-speed wind tunnels will find immediate application in commercial- and military-aircraft,

automotive, and architectural industries in the USA.
DTIC

Pressure Measurement; Optical Measurement; Nonintrusive Measurement; Inorganic Chemistry; Data Acquisition; Commercial

Aircraft; Aerodynamics
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1999e_}53472DaytonUniv.,StructuralIntegrityDiv.,OHUSA
An Evah_afio_ of MeJ, hods J,o Separate Maneuver a_d G_st Load _'ad:ors _'r(_m Meas_red Accelerafio_ Th_e HisJ, orJes
F#_al Red, off

Rnstenburg, John W., Dayton Univ., USA; Skinn, Donald, Dayton Univ., USA; Tipps, Daniel O., Dayton Univ., USA; Apr. 1999;

34p; In English
Contract(s)/Grant(s): RTOP 437-25-14

Report No.(s): AD-A363333; URD-TM-1998-00011; DOT_AA/AR-99/14; No Copyright; Avail: CASI; A03, Hardcopy; A01,
Microfiche

The University of Dayton is supporting Federal Aviation Administration (FAA) research on the structural integrity

requirements for the U.S. commercial transport airplane fleet. The primary objective of this research is to support the FAA

Airborne Data Monitoring Systems program by developing new and improved methods and criteria for processing and presenting

large commercial transport airplane flight and ground loads usage data. The accelerations recorded in flight result from maneuver

inputs initiated by the pilot and atmospheric turbulence, to determine the gust and maneuver load factor spectra from the recorded

flight loads data, it is necessary to separate the gust and maneuver load factors. Various means to separate the accelerations due

to pilot maneuvers and turbulence from measured acceleration time histories have been used. This report presents the results of

a study to evaluate the validity and operational processing efficiency of three different methods for the separation of maneuvers

and gusts from measured acceleration data obtained from Optical Quick Access Recorder (OQAR)-equipped commercial aircraft.

Conclusions and recommendations for the use of a maneuver-gust separation method are also provided.
DTIC

Gust Loads; Flight Operations; Aircraft Maintenance; Operational Problems; Airline Operations; Structural Design Criteria;

Design Analysis

19090{}53497 Air Force Research Lab., Air Vehicles Directorate, Wright-Patterson AFB, OH USA

I_ovat_ve C(mtro_ Effector_ (C(mf_g_ratk_ i_{_|} Dynamic W_d l"_mne_ Test Report. Rotary Balance a_d Forced

Oseilla_io_ 'I'es_s F#_al Repot& H Mar. _ 24 Apr. I998

Gillard, William J.; Jul. 1998; 205p; In English

Contract(s)/Grant(s): Proj-2403

Report No.(s): AD-A362903; AFRL-VA-WP-TR-1998-3043; No Copyright; Avail: CASI; A10, Hardcopy; A03, Microfiche

This report describes the technical effort investigating the dynamic characteristics of the Innovative Control Effectors

Configuration 101 tailless aircraft concept. A series of static, rotary balance, and forced oscillation tests were conducted to acquire

more information on the aerodynamic properties associated with this 65 degree, delta wing concept. Results show the vehicle to

be well damped in pitch and roll motions and neutrally damped in yaw motions. Significant oscillating frequency effects were

identified during forced oscillation testing with the impact most notable in the 15 is less than AOA is less than 45 degree region.
DTIC

Wind Tunnel Tests; Tailless Aircraft; Rotary Stability; Oscillations; Dynamic Characteristics; Aircraft Design

03

AIR TRANSPORTATION AND SAFETY

Includes passenger and cargo air transport operations; and aircraft accidents.

1999{}(_47439 Federal Aviation Administration, Aviation Security Research and Development Div., Atlantic City, NJ USA

Test a_d Evah_atio_ P_a_ I_r I_tegrating X-ray Screener Assis_ Technoh_gy and Nuclear Quadr_po_e Reso_a_ce

Monichetti, S. B.; Barrientos, J. M.; Fobes, J. L.; Neiderman, E. C.; Fabry, D.; Feb. 1999; 38p; In English

Report No.(s): PB99-140899; DOT/FAA/AR-99/16; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

This Test and Evaluation Plan describes the evaluation of Nuclear Quadrupole Resonance Technology working in

conjunction with Screener Assist Technology. The test will evaluate equipment detection and screener alarm resolution. Machine

and system performance measures on detection and alarm resolution will be recorded, analyzed, and evaluated, with results to

follow in a Test and Evaluation Report.
NTIS

Nuclear Quadrupole Resonance; X Rays; Warning Systems; Safety
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I[99904}47471 Army Simulation Training and Instrumentation Command, Orlando, FL USA

Automated Aero_mufical Missio_ P|amfi_g Systems: Implications for Trainers

Gentner, Frank C.; Kettel, Michael S.; Crissey, Mona J.; Jan. 1998; 8p; In English; Prepared in collaboration with Univeristy of

Dayton Research Institute, Dayton, OH.

Report No.(s): AD-A362204; No Copyright; Avail: CASI; A02, Hardcopy; A01, Microfiche

To accomplish Department of Defense (DoD) missions, training must include all aspects of the mission, including mission

planning. This planning can occur over different time scales depending on the amotmt of time available prior to the actual mission.

Planning can involve any of the following: development of the scenarios expected to be followed; preparation and generation of
products, such as the operations orders, maps and overlays, execution matrices, and administrative orders; coordination of all

elements anticipated to be on the battlefield; consideration of available information from a variety of sources; establishing parameters

for best meeting the challenges presented; and preparing initialization data both for the equipment to be used and the simulation

battlefield, if applicable. Planning and preparation for aviation missions require that essential mission information be input into the

cockpit prior to mission start. This information may include route plans, communications data, waypoint designations, friendly and

threat situations, and weather information. Planning in a simulation environment requires that system initialization data be input to

include initial placement of friendly and opposing forces, battlefield and environmental conditions, and network communications.

All US Services now have available automated mission planning systems (MPSs) for aeronautical systems. Not only can these

systems aid in mission planning speed, accuracy, and coordination, but also they can assist with creating total battlespace awareness,

and have great potential for Joint Service planning and mission rehearsal training. Since use of automated MPTs is an essential part

of today's missions, it is critical that trainers understand the capabilities offered by various automated MPSs so that they can develop

training concepts and plans to best capitalize on the opportunities presented by these systems.
DTIC

Training Devices; Simulation; Mission Planning; Management Planning; Aerodynamics

1999{}_47631 European Organization for the Safety of Air Navigation, Bretigny-sur-Orge France

Poten_iM Applications (ff C_)lla|)orafive Plamfing and Decisi_)_ Making Final Repor_

Martin, P.; Hudgell, A.; Vial, S.; Bouge, N.; Dubois, N.; Sep. 1998; 148p

Report No. (s): PB99-136145; EEC/NOTE- 19/98; Copyright; Avail: National Technical Information Service (NTIS), Microfiche

This document report on a potential set of applications of Collaborative Decision Making within Air Transport, based on an

analysis of the recognized gate-to-gate phases of a flight. The applications are particularly concerned with improved information

distribution and management, but also identify many potential new processes. Applications are described in terms of their context,

objectives and benefits, collaborative aspects, actors, information flows, interfaces, relationship to ATM2000+ timescale, areas

of cost, metrics, dependencies and further issues to be studied.
NTIS

Air Traffic Control; Decision Making; Airline Operations; Air Transportation

1999_47716 Ohio State Univ., Cognitive Systems Engineering Lab., Columbus, OH USA

Preliminary Findi_gs: Iss_es in Surface Moveme_t
Smith, Philip J., Ohio State Univ., USA; Denning, Rebecca, Ohio State Univ., USA; Obradovich, Jodi, Ohio State Univ., USA;

Billings, Charles, Ohio State Univ., USA; Woods, David, Ohio State Univ., USA; [1999]; 28p; In English

Contract(s)/Grant(s): NAG2-1156; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

The final report for the grant is presented. The recent goals for this project have been: (1) to identify common surface

movement challenges which affect the airlines and Air Traffic Control; (2) to map out possible solutions to these challenges; (3)

to start generalizing about the information we are receiving so that major, abstract categories of challenges and potential solutions

will begin to emerge. In particular, there are several areas of opportunity which are beginning to emerge from the data, dealing

with the need for: (1) Tools to support information exchange regarding priorities (both within an individual airline and between

the ATC tower and airlines). Such priorities include both concerns affecting departure throughput as well as the ordering of

departures to accommodate other airline considerations; (2) Planning tools to help ATC and airline Ramp staff deal with

information about priorities; (3) Implementation of strategies to enable greater flexibility in queueing flights for departures; (4)

Tools to provide better coordination and situation awareness during taxiing (within an airline as well as between airlines and

between the airlines); (5) Tools to support planning and to deal with the interactions between departures and arrivals. Thus far,

the initial interviews and observations at three airlines and two ATC facilities have been completed.
Derived from text

Air Traffic Control; Airline Operations; Taxiing; Civil Aviation; Air Transportation; Operational Problems; Aircraft Guidance;

AirfieM Surface Movements; Airports
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1999#{}47757 National Transportation Safety Board, Washington, DC USA

Nafio_ml Transportation SafeJy Board Tvanspor|atio_ InJJ:ial Decisions a_d Orders and Board Opinions a_d Orders

Adopted and Iss_ed during _he Moa_h o|" February 1595

Feb. 1999; 133p

Report No.(s): PB99-916702; NTSB/IDBOO-99/02; No Copyright; Avail: CASI; A07, Hardcopy; A02, Microfiche

This publication contains all Judges Initial Decisions and Board Opinions and Orders in Safety and Seaman Enforcement

Cases February 1999.
NTIS

Accident Prevention; Air Transportation," Safety Management

i_999_47961l General Accounting Office, Resources, Community and Economic Development Div., Washington, DC USA

AviaH(m Sec_r_y: FAA_ |)eph>yraen_s of Eq_pment to De_ec_ Traces of Explosives

Nov. 13, 1998; 12p; In English

Report No.(s): PB99-145864; GAO/RCED-99-32R; B-281440; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

You asked us to provide updated information on the status of FAA's deployments of trace detection equipment at the nation's

busiest airports. Specifically, this report provides information on (1) the current status of FANs deployments of the trace detection
equipment, including whether all of the 19 category X or 60 category 1 airports are supplied with this equipment and, if not, why;

(2) FANs plans for deploying any remaining trace equipment; and (3) any problems that could affect the future deployments or

operation of this equipment. In addition, the report describes the process FAA follows in deploying trace equipment.
NTIS

Airport Security; Explosives Detection," Congressional Reports

:1999_4925_} Westar Corp., Saint Louis, MO USA
R_sk Managemen_ of a Helicopter Flee_ Conla_n]ng Fl_ghl Sal_ely Paris of _I_know_ FaHgue Slre_gth

Arden, Robert W., Westar Corp., USA; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1,

pp. 11-20; In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

This paper describes the development and implementation of a risk management plan for critical helicopter components. It

presents a brief overview of the fatigue methodology used in the original airworthiness qualification of the systems along with

the analytical and test procedures required by the alternate vendor qualification program. The basis for the various methods used

to derive the appropriate levels of risk is provided. Application of this risk management process to a specific aircraft system shows

the calculation of component and system level risks. A comparison between the risk assessment based strength/life and the

component test results ultimately achieved is presented. The overall approach is shown to be an effective tool in the assessment

and management of fleet risk.
Author

Helicopters; Risk; Flight Safety; Residual Strength; Structural Reliability; Aircraft Structures; Fatigue (Materials)

i_9_9_52747 Federal Aviation Administration, Washington, DC USA

No_,_ces _:oAh_me_ Domesfic/|n_ernat_onal_ April 22_ 1999

Apr. 22, 1999; 244p; In English

Report No.(s): PB99-147373; No Copyright; Avail: CASI; All, Hardcopy; A03, Microfiche

Contents include the following: Airway Notams; Airports, Facilities, and Procedural Notams; General FDC Notams; Part

94 Revisions to Minimum En Route IFR Altitudes and Changeover Points; International Notices to Airmen; and Graphic Notices.
NTIS

National Airspace System; National Airspace Utilization System; Air Traffic Control; Air Navigation; Navigation Aids; Flight
Paths

i_9_9_52_42 Federal Aviation Administration, Fire Safety Section, Atlantic City, NJ USA

Effectiveness o_°FHgh|_ A|_tendan_s Attempting _o Exfingtfish F_res in an Accessible Cargo Compar_rnen_

Blake, D.; Apr. 1999; 18p; In English

Report No.(s): PB99-150096; DOT]FAA/AR-TN99/29; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

This technical note documents the results of a project to evaluate the ability of flight attendants to extinguish cargo fires in

small Class B cargo compartments. Thirteen fire tests were conducted in a modified Shorts 330 airplane in which flight attendants

attempted to extinguish cargo fires. Some of the selected test variables included the cargo compartment size, the width of the access

door, the size and type of fire extinguishers available, the presence and absence of an unobstructed center aisle in the cargo
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compartment,thetypeofProtectiveBreathingEquipment(PBE),andthedelaybetweenthesmokedetectoralarmandthestart
ofthefirefightingefforts.Theresultsofthetestingindicatedthatinmostcasestheflightattendantswereunabletosuccessfully
extinguishthesefires.
NTIS
Flight Crews; Fire Extinguishers; Crew Procedures (Inflight); Fire Fighting; Fire Prevention

1999{}(_52846 National Transportation Safety Board, Washington, DC USA

Ann_a_ Review _f Ah_erall Acc_de_t _)ata: 1U.S. General Av_a_[_ Calendar Year 1995

Sep. 1998; 76p; In English

Report No.(s): PB98-172463; NTSB/ARG-98/01; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

A total of 2,078 U.S. registered general aviation aircraft were involved in 2,054 accidents during calendar year 1995. of these

2,054 accidents, 411 accidents (involving 419 aircraft) resulted in fatal injuries. This report presents a statistical review of these

accidents, all involving U.S. registered aircraft that were not conducting air carrier revenue operations under Title 14 Code of

Federal Regulations (14 CFR) Part 121 or 135. The accident data on which this review is based were extracted from the Safety

Board's automated Aviation Accident Data System.
NTIS

Aircraft Accidents; General Aviation Aircraft; Data Systems; Air Transportation

1999{}_52847 National Transportation Safety Board, Washington, DC USA

National '-fran_portati_n Safety Board Safety Recommendatio_s Ad_pted during the M_nth of March_ 19_q9

Mar. 1999; 16p
Report No.(s): PB99-916603; NTSB/REC-99/03; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

This publication contains safety recommendations in aviation (only) mode of transportation adopted by the National

Transportation Safety Board during the month of March, 1999.
NTIS

S@ty; Accident Prevention; Safety Management

1999_52S5_} Civil Aeromedical Inst., Oklahoma City, OK USA

The Role of Shi_ Work and _'atigue in Air Tra_c C(_n|:rol OperationM Errors and Incidents

DellaRocco, R S.; SPIE; Jan. 1999; Volume 3334, pp. 470-479; In English

Contract(s)/Grant (s): F19628-95-C-0002

Report No.(s): AD-A360731; MS-12899; DOT/FAA/AM-99/2; No Copyright; Avail: Issuing Activity (Defense Technical

Information Center (DTIC)), Microfiche

This report was developed from a collaborative effort between the FAA Civil Aeromedical Institute's (CAMI's) Shift Work

and Fatigue Research Program and the National Aeronautics and Space Administration (NASA) Ames Research Center's Fatigue

Countermeasures Program. The purpose of this report was to examine existing databases to assess the extent to which shift work

and fatigue might be factors associated with incidents and errors in air traffic control (ATC) operations.
DTIC

Air Traffic Control; Air Traffic Controllers (Personnel); Fatigue (Biology); Errors; Aerospace Medicine

1999_2944 LB and M Associates, Inc., Oklahoma City, OK USA

AnMysis of Di_,ching and Wa|er S_rv_va_ Train_g Programs of Major Airframe Mam_i_cturers and Airl_es Final Repo_

Cosper, D. K.; McLean, G. A.; Jul. 1998; 40p; In English

Report No.(s): PB99-146839; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Current transport category alrcrew training programs related to ditching and water survival are reviewed for content and

attention to detail. This activity resulted from industry and regulatory inquiries about the state-of-the-art in ditching and water

survival operations, especially with regard to the increasing number of aircraft operations, and associated opportunities for

emergency water landing events, that the furore will bring. The information on water landing events was gathered from published

reports related to these issues.
NTIS

Flight Crews; Water Landing; Ditching (Landing); Evacuating (Transportation)
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_[999_}52_77CivilAeromedicalInst.,OklahomaCity,OKUSA
Comparis_m_fBuckleReleaseTimi_g _r Push-B_tto_ a_d Lift-Latch J[_elt Buckles

Gowdy, V.; George, M.; McLean, G. A.; Feb. 1999; llp; In English

Report No.(s): AD-A360725; DOT/FAA/AM-99/5; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Small aircraft passenger restraint systems most commonly use lift-latch type buckle release mechanisms. Push-button buckle

release mechanisms, similar to those used in contemporary automobiles, have rarely been used on passenger restraints. Although

push-button buckles are not explicitly prohibited by Federal Aviation Administration (FAA) regulations, the human factors

aspects of introducing push-button buckles in an aircraft environment are important considerations from the standpoint of safety.
A test program was conducted by the FAA Civil Aeromedical Institute (CAMI) with volunteer human subjects to measure and

compare the times it takes a passenger to release a push-button buckle on a 3-point restraint, a common lift-latch buckle on a

3-point restraint, and a lift-latch buckle on a common lap belt. Sixty subjects were tested in a repeated-measures cotmterbaianced

test protocol, which included instrumentation to measure the response times to release the buckle. Response time for the subjects

to exit the seat and press a remote button was also acquired. This report includes the physical profiles of the subjects, the test

protocol, and a statistical summary of the results. Based on the data acquired in this project, there was no major difference in the

response times of the human subjects to release or egress from a 3-point restraint with a push-button buckle, compared with a

lift-latch buckle on a 3- point or a common lap belt restraint. This study was intended to address factors associated with the use

of push-button buckles restraint systems in small airplanes. Any consideration of the use of push-button buckles on commercial

transport aircraft passenger seats should include data on a broader range of human factors.
DTIC

Seat Belts; Transport Aircraft; Mechanical Devices

1_9998_53243 Air Force Inst. of Tech., Wright-Patterson AFB, OH USA
Bird Strike Risk Assessme_t for USA Ai_" Force Air_e_ds aml Aircraf_

Tedrow, Christine A.; Apr. 21, 1999; 165p; In English

Report No.(s): AD-A363170; No Copyright; Avail: CASI; A08, Hardcopy; A02, Microfiche

Analysis of strike data is critical to determine the true economic costs of bird strikes, determine the magnitude of safety issues,

and develop preventive measures. Analysis of USAF bird-strike data identified trends and indicated suggested relationships

among factors contributing to damaging strikes. From FY 1988 through FY 1997, the annual mean was 2,668 bird strikes with

peaks evident in fall and spring. Daylight and dusk were hazardous for bird strikes. More bird strikes occurred during airfield

operations - aircraft are at low altitudes and soaring birds are more numerous. Aircraft speed, phase of flight, taxonomic group,

bird mass and aircraft group were the strongest predictors of damaging bird strikes. Bird strike rates were calculated for USAF

aircraft and selected USAF airfields. Bomber aircraft had the highest strike rate; these aircraft frequently fly long missions at low

altitudes where they are likely to encounter birds. Logistic regression analyses estimated odds of occurrence for damaging bird

strikes during airfield operations General statistics, odds for a damaging airfield strike, and airfield strike rates, were used to

identify USAF airfields with higher bird strike risks. Howard AFB, Panama, had a higher number and rate of bird strikes, and

greater odds for a damaging bird strike than other airfields analyzed.
DTIC

Bird-Aircraft Collisions; Predictions; Costs; Airspeed; Regression Analysis

_999_533_3 Electro Magnetic Applications, Inc., Denver, CO USA

Stat_st_ca_ Study of the C_se_t Appr_ac_ o| °Aircra|_ t_ (;roum:bl_a_ed Emitters: _e_u|ts for Seattle a_d C_mpar_n with

Denver" Fina_ Rep_rt

Elliott, James R., Electro Magnetic Applications, Inc., USA; Peraia, Rodney A., Electro Magnetic Applications, Inc., USA; Mar.

1999; 46p; In English

Contract (s)/Grant (s): DTFA03-97-P-00158

Report No.(s): AD-A363147; EMA-97-R-011; DOT/FAA/AR-99/5; No Copyright; Avail: CASI; A03, Hardcopy; A01,
Microfiche

A Technical Program was initiated by the Federal Aviation Administration (FAA) William J. Hughes Technical Center to

measure the distances that aircraft fly within high-intensity radiation emitters. This program was launched as the FAA and the

High-Intensity Radiated Fields (HIRF) advisory committees were defining HIRF regulatory rulemaking requirements. This study

was a follow-on of the work conducted at the Denver International Airport to determine the actual distances that aircraft flew

within emitters. This study focused on a similar effort at Seattle International Airport. This program presented the data gathered

from the Seattle Airport along with a detailed comparison of the data between the two airports. Any observable patterns and

similarities between the two airports were recorded. Information on emitter location, frequency, power, etc., was obtained from
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theGovernmentMasterFile.AircraftflightinformationwasobtainedfromtheSystemAnalysisRecordings(SAR)tapesatthe
SeattleEnRouteCenter.Thisprogramwasusedinconjunctionwitharesearcheffortwhichlocatedallhigh-poweredemitters
intheU.S.andEuropeandestablishedtheactualHIRFenvironment.
DTIC
Electromagnetic Shielding; Radiation Shielding; Aircraft Safety; Flight Safety; Air Traffic Control; Beacon Collision Avoidance

System

04
AIRCRAFT COMMUNICATIONS AND NAVIGATION

Includes digital and voice communication with aircraft, air navigation systems (satellite and ground based); and air traffic control.

1999_47547 Civil Aeromedical Inst., Oklahoma City, OK USA

A 1Usability Survey ofGPS Avio_ics Eq_ipment: Seine PreJiminary ]ii'i_dings Finalgepo_

Joseph, Kurt M.; Jahns, Dieter W.; Nendick, Michael D.; St.George, Ross; Mar. 1999; 10p; In English; Prepared in collaboration

with Syner Tech Associates, Bellingham, WA and University of Newcastle, Callaghan, Australia.

Report No.(s): AD-A362193; DOT/FAA/AM-99/9; No Copyright; Avail: CASI; A02, Hardcopy; A01, Microfiche

The rapid introduction of Global Positioning System (GPS) receivers for airborne navigation has outpaced the capacity of
international aviation authorities to resolve human factors issues that concern safe and efficient use of such devices. Current

certification technical standards appear to have had little influence on standardizing receiver architectures, interfaces, and

operating manuals-despite evidence from research simulation and flight tests that lack of standardization may tmdermine safety.

The present research used factor-analytic techniques to reduce 308 pilots' ratings from a 163-item survey to 24 factors. These

factors are suitable for identifying human factors issues related to GPS receiver displays and controls, operating procedures,

navigation performance, training, and other topical areas. Multivariate analysis of variance revealed that GPS experience and

receiver type influenced pilot ratings for several of these factors. The results of this limited survey are consistent with previous

research, and their application to certification procedures and standards is discussed.
DTIC

Human Factors Engineering; Global Positioning System,; General Aviation Aircraft; Surveys; Multivariate Statistical Analysis;

Flight Simulation; Aviation Psychology

1999{}_47572 Naval Surface Warfare Center, Dahlgren Div., Dahlgren, VA USA

Performa_ce Evah_a_i(_n (ff Precise A|)soh_te Navigati(m (E_N) S(flutie_s Over Four Test Courses Fired gelmrt

Hermann, Bruce R.; Jan. 1999; 68p; In English

Report No.(s): AD-A362526; NSWCDD/TR-98/61; No Copyright; Avail: CASI; A04, Hardcopy; A01, Microfiche

This report describes a method where the Global Positioning System (GPS) Precise Positioning Service (PPS) solutions

recorded in the field can be reprocessed at a later time with the precise ephemerides without requiring that the observations be

saved. The reprocessing with the precise ephemerides improves the quality of the navigation solutions compared with the

solutions obtained when the real-time broadcast ephemerides are used. This report continues the investigation of the Precise

Absolute Navigation (PAN) technique by exploring its accuracy under highway conditions. Ellipsoid height solutions from survey

vehicles traveling at highway speeds have the potential to map terrain heights in a fast, efficient manner. The absolute terrain

heights, determined from GPS ellipsoid height solutions, can be used to calibrate remote sensing devices, such as Synthetic

Aperture Radar (SAR) images. The performance of PAN is compared with PPS solutions, range-corrected Standard Position

Service (SPS) solutions, and relative solutions using smoothed pseudorange. The relative merits of each are discussed.
DTIC

Global Positioning System,; Precision; Ephemerides; Navigation; Radar Imagery

19990_52721 Norwegian Defence Research Establishment, Kjeller, Norway

Eva|uati(m of GPS Attitude Determining System Evaluering av Retningsbestemmende G[_'

Dyva, Ronnie Roger, Norwegian Defence Research Establishment, Norway; Dec. 14, 1998; 19p; In Norwegian; Original contains
color illustrations

Contract(s)/Grant(s): FFIE Proj. 69702/134

Report No.(s): FFI/Rapport-98/06383; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche
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This document discusses availability of attitude information from a Global Positioning System (GPS) Attitude Determining

System (ADS) receiver. The intention was to find out what influence different types of terrain had on availability of heading
information.

Author

Attitude (Inclination); Global Positioning System

_999_53474 Civil Aeromedicai Inst., Civil Aeromedicai Inst., Oklahoma City, OK USA

GFS User-In|:evfaee Design Freb|ems Final Report

Williams, Kevin W., Civil Aeromedical Inst., USA; Apr. 1999; llp; In English

Report No.(s): AD-A363331; DOT]FAA/AM-99/13; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

This paper is a review of human factors problems associated with the user-interface design of a set of Global Positioning

System (GPS) receivers, certified for use in aircraft for instrument non-precision approaches. The paper focuses on design

problems associated with the interfaces and specific inconsistencies across the set of interfaces that could cause confusion or errors

during operation. Some specific problems addressed involve the layout and design of knobs and buttons; control labeling

inconsistencies across units; the placement and use of warnings; feedback, or the lack thereof; and the integration of specific flying

tasks while using the receivers. Recommendations for solving some of the problems are provided, as well as suggestions to the

FAA, GPS manufacturers, and pilots regarding the future development and use of these products.
DTIC

Global Positioning System; Design Analysis

:_999_3,4g_ Smiths Industries Aerospace and Defense Systems, Inc., Grand Rapids Div., Grand Rapids, MI USA

Navy AV-gB Crash S_Hwivable Fligh_ I_cident Recorder (CSFIR)

May 03, 1999; 33p; In English

Contract(s)/Grant(s): N00019-98-F-0016; GS-24F-3027G

Report No.(s): AD-A363122; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Navy AV-SB Crash Survivable Flight Incident Recorder (CSFIR) meeting minutes of the program on April 28, 1999 are

presented.
DTIC

Flight Recorders; Crashes; Harrier Aircraft

Id_990_}53486 Smiths Industries Aerospace and Defense Systems, Inc., Grand Rapids Div., Grand Rapids, MI USA

Navy F/A-lg Crash Surviw_ble Flight Incident Recerder (CSFIR)

May 06, 1999; 26p; In English

Contract(s)/Grant(s): N00019-99-F-0680; GS-24F-3027G

Report No.(s): AD-A363120; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

On 28 April, 1999 representatives from the Navy, Boeing and Smiths Industries (SI) met at the Naval Air Weapons

Development Center, China Lake, CA for a Coordination I Kick Off Meeting in support of the F/A- 18 Crash Survivable Flight

Incident Recorder System (CSFIR) integration program. Smiths Industries is enhancing the software currently under development

for its Voice and Data Recorder (VADR) under this contract. This enhancement will allow the uploading of software updates and

version verifications of the F/A-18 flight software via a MIL-STD-1553 multiplex data bus. This will be accomplished using the

Memory Loader I Verifier Set (MLVS).
DTIC

Attack Aircraft; Flight Recorders; Weapons Development; Channels (Data Transmission); Data Recorders; Applications

Programs (Computers)

05

AIRCRAFT DESIGN, TESTING AND PERFORMANCE

Includes aircraft simulation technology.

:_999_47_95 NASA Langley Research Center, Hampton, VA USA

An Overview of Landing Gear Dynamics

Pritchard, Jocelyn I., Army Research Lab., USA; May 1999; 20p; In English

Contract(s)/Grant(s): RTOP 522-18-11-04
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Report No.(s): NASA/TM-1999-209143; NAS 1.15:209143; ARL-TR-1976; L-17840; No Copyright; Avail: CASI; A03,

Hardcopy; A01, Microfiche

One of the problems facing the aircraft community is landing gear dynamics, especially shimmy and brake-induced vibration.

Shimmy and brake-induced vibrations can lead to accidents due to excessive wear and shortened life of gear parts and contribute

to pilot and passenger discomfort. To increase understanding of these problems, a literature survey was performed. The major

focus is on work from the last ten years. Some older publications are included to understand the longevity of the problem and the

background from earlier researchers. The literature survey includes analyses, testing, modeling, and simulation of aircraft landing

gear; and experimental validation and characterization of shimmy and brake-induced vibration of aircraft landing gear. The paper
presents an overview of the problem, background information, and a history of landing gear dynamics problems and solutions.

Based on the survey an assessment and recommendations of the most critically needed enhancements to the state of the art will

be presented. The status of Langley work contributing to this activity will be given.
NASA

Aircraft Landing; Landing Gear; Surveys; Structural Vibration; Aircraft Brakes; Dynamic Characteristics

1999_47358 Naval Postgraduate School, Monterey, CA USA
S_mMa_km Va_da_i_ a_d Fligl_ Pred_c_i_m _|° UH:6_A Black Hawk Helicopter/Shrug Load Characteristics

Tyson, Peter H.; Mar. 1999; 303p; In English

Report No.(s): AD-A362524; No Copyright; Avail: CASI; A14, Hardcopy; A03, Microfiche

Helicopter/slung load systems are two body systems in which the slung load adds its rigid body dynamics, aerodynamics,

and sling stretching dynamics to the helicopter. The slung load can degrade helicopter handling qualities and reduce the flight

envelope of the helicopter. Confirmation of system stability parameters and envelope is desired, but flight test evaluation is time
consuming and costly. A simulation model validated for handling quality assessments would significantly reduce resources

expended in flight testing while increasing efficiency, productivity, and safety by aiding researchers, designers, and pilots to

understand factors affecting helicopter-slung load handling qualities. This thesis describes a comprehensive dynamics and

aerodynamics model for slung load simulation, obtained by integrating the NASA Ames Gen Hel UH-60A simulation with slung

load equations of motion. Frequency domain analysis is used to compare simulation to flight test frequency responses and key

system stability parameters. Results are given for no load, a 4K lb Block, and a 4K lb CONEX load. Handling quality parameters,

stability margins, and load pendulum motion roots for cases without load aerodynamics and with static wind tunnel data were

compared. Results illustrated state-of-the-art simulation modeling of helicopter/slung load dynamics and its accuracy in

predicting key dynamic parameters of interest.
DTIC

Helicopters; Aerodynamics; Flight Simulation; Helicopter Control; Helicopter Performance; Proving

1999_47474 Naval Air Warfare Center, Aircraft Div., Patuxent River, MD USA

Able°rail DepMn_ng Techn_logy

Kozol, Joseph; Conrad, Dayle; Hartle, Steven; Neumeister, Gary; Spadafora, Stephen; Mar. 18, 1999; 37p; In English

Report No.(s): AD-A362188; NAWCADPAX--98-236-TR; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Chemical paint strippers historically used for aircraft contained toxic and hazardous components; aircraft depainting

operations are a major source of hazardous waste generation in DOD. Federal and state agencies have begun to restrict using these

hazardous materials and Government directives require significant reductions in hazardous waste generation. The Naval Air

Systems Team has partnered with the Air Force at WR-ALC in investigating mature, advanced paint removal technologies and

has taken a multiprocess approach to meeting the requirements of aircraft and component stripping at various levels of

maintenance. Under this program, the Navy pursued development of non-HAP chemical paint strippers as alternatives for

methylene chloride based strippers. In addition, the Navy has selected the xenon flashlamp/CO2 (Flashjet(R)) process for

materials testing and developed a prototype semiautomatic manipulator system incorporating the Flashjet(R) process for

depainting large aircraft. As a result of extensive materials testing, NAVAIRSYSCOM authorized using the Flashjet(R) paint

removal process on metallic fixed-wing aircraft surfaces. The approval process for using Flashjet(R) on fixed-wing organic

composite aircraft surfaces is nearly complete. Relative life cycle costs per square foot of comparable aircraft surface were found

to be favorable for Flashjet(R) paint removal compared to methylene chloride chemical stripping or plastic media blasting.
DTIC

Aircraft Maintenance; Hazardous Materials; Fixed Wings; Paint Removal; Aircraft Configurations
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IL_)9_)0_}47576 Drexel Univ., Dept. of Materials Engineering, Philadelphia, PA USA

Bo_mdary Correctiou Factors f(w Elliptic Surface Cracks Emanati_g from C(_untersunk Rivet _(_les Under Tensh_n_

Bending_ aad Wedge Loadi_g Condiii_)_s Fiual R_5_or_

Rahman, Anisur, Drexel Univ., USA; Bakuckas, John, Federal Aviation Administration, USA; Bigelow, Catherine, Federal

Aviation Administration, USA; Tan, Paul, Federal Aviation Administration, USA; Mar. 1999; 79p; In English

Report No.(s): AD-A362544; DOT/FAA/AR-98/37; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

To predict crack growth and residual strengths of riveted joints subjected to widespread fatigue damage (WFD), accurate

stress and fracture analyses of comer and surface cracks at a rivet hole are needed. The results presented in this report focus on
the calculation of stress-intensity factor (SIF) solutions for cracks at countersunk rivet holes for tension, bending, and wedge load

conditions. A wide range of configuration parameters were varied including the crack size, crack shape, and crack location as well

as the length of the straight-shank hole. A finite element based global-intermediate-local (GIL) hierarchical approach was used

in this study. The results are expressed as boundary correction factors (BCF), which is a nondimensional representation of the SIF.

The boundary correction factors were determined along the crack front in terms of the physical angle, which was measured from

the inner surface of the plate to a point on the hole boundary or the outer surface of the plate. In general, the values of boundary

correction factors increased as one move along the crack front from the inner surface of the plate towards the hole boundary or

the outer surface. The values of the boundary correction factor were highest for the crack fronts closest to the hole boundary. The

trends in the solutions were the same for the three loading conditions.
DTIC

Bending; Crack Propagation; Airframes; Wedges; Riveted Joints; Surface Cracks; Stress Intensity Factors; Fatigue (Materials);

Loads (Forces)

1_999_{_47783 Federal Aviation Administration, Airport and Aircraft Safety Research and Development, Atlantic City, NJ USA

Bo_mdary Correction Factors for Elliptic Surface Cracks Emaciating _¥um Countersunk Rivet Ho|es under qi'e_sio_
_._endiug_ a_d Wedge Loading C(_nditions F#_al Report

Rahman, A.; Bakuckas, J.; Bigelow, C.; Tan, P.; Mar. 1999; 86p; In English

Report No.(s): PB99-143984; DOT/FAA/AR-98/37; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

To predict crack growth and residual strengths of riveted joints subjected to widespread fatigue damage (WFD), accurate

stress and fracture analyses of corner and surface cracks at a rivet hole are needed. The results present in this report focus on the

calculation of stress-intensity factor (SIF) solutions for cracks at countersunk rivet holes for tension, bending, and wedge load

conditions. A wide range of configuration parameters were varied including the crack size, crack shape, and crack location as well

as the length of the straight-shank hole. A finite element based global-intermediate-local (GIL) hierarchical approach was used

in this study. The results are expressed as boundary correction factors (BCF), which is a nondimensional representation of the SIF.

The boundary correction factors were determined along the crack front in terms of the physical angle, which was measured from

the inner surface of the plate to a point on the hole boundary or the outer surface of the plate. In general, the values of boundary

correction factors increased as one move along the crack front from the inner surface of the plate. In general, the values of boundary

correction factors increased as one move along the crack front from the inner surface of the plate towards the hole boundary or

the outer surface. The values of the boundary or the outer surface. The values of the boundary correction factor were highest for

the crack fronts closes to the hole boundary. The trends in the solutions were the same for the three loading conditions.
NTIS

Surface Cracks; Crack Opening Displacement; Ellipsoids; Holes (Mechanics); Riveted Joints; Stress Concentration; Aircraft

_9_0_}4924_ Coast Guard, Aircraft Repair and Supply Center, Elizabeth City, NC USA

Coast G_ard Eff(wts to Deal WiJ, h Agh_g Ah'crafi

Connor, D. C., Coast Guard, USA; Devoe, K. W., Coast Guard, USA; Mihelic, J. E., Coast Guard, USA; Butt, M. E., Coast Guard,

USA; Carmel, M. S., Coast Guard, USA; Baker, J. T., Coast Guard, USA; Dwyer, E J., Coast Guard, USA; The Second Joint

NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 1-10; In English; See also 19990049248; No Copyright;

Avail: CASI; A02, Hardcopy; A04, Microfiche

The Coast Guard operates approximately 200 aircraft which include HC-130 transports, HU-25 Falcon Jets, HH-65 Dolphin

and HH-60 Jayhawk helicopters all of which operate low level over salt water and in the case of the helicopters, hover in salt spray

and deploy for extended periods on ships. Over time, we have developed both a maintenance philosophy and an engineering

program to deal with these harsh conditions. In addition, the current and future projected budget climates will necessitate that we

continue to operate our current fleet of aircraft well into the next century. This combination of operating in a severely corrosive

environment and budgeting in an austere fiscal climate has induced us to develop an aggressive Aging Aircraft program. This

paper will discuss our corrosion control program, two prototype sensor projects to monitor corrosion and structural loads on
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operationalaircraft,planstoupgradeavionicsequipment,ourmaturereliabilitycenteredmaintenanceprogramandservicelife
extensionplanswhichhavebeenformulatedforallofouraircraft.TheseindividualprojectsmakeupourAgingAircraftprogram.
Weareconvincedthattheywillenableustomeettheimmediatechallengesandwillpositionusforthosethatlieahead.
Author

Aircraft Maintenance; Corrosion Prevention; Aircraft Reliability; Service Life

1999{}{_49254 British Aerospace Defence Ltd., Military Aircraft and Aerostructures, Preston, UK

Em'o_]ghter 20_0 Str_ctm'a_ Health and Usage Monitoring: An Integrated Approach

Htmt, Stephen R., British Aerospace Defence Ltd., UK; Hebden, Iain G., British Aerospace Defence Ltd., UK; The Second Joint

NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 46-55; In English; See also 19990049248; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

This paper outlines the Structural Health Monitoring system being developed for Eurofighter 2000. The system is designed

as an integral part of the avionics system, both on and off-aircraft, enabling the customer to perform fleet-wide monitoring of

fatigue life and significant structural loading events.
Author

Systems Health Monitoring; Fighter Aircraft; Pilot Support Systems; Fatigue (Materials); Aircraft Structures

1999_}49253 Air Logistics Center, C/KC-135 Systems Program Office, Tinker AFB, OK USA

FSIP: The C/KG135 Ful_cti_ma| SysJ,ems I_ J,egriJ,y Program

Pappas, Jim, Air Logistics Center, USA; Ward, Ralph, Boeing Information, Space and Defense Systems, USA; The Second Joint

NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 56-62; In English; See also 19990049248; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

After several C/KC- 135 mishaps in the early 1990's that resulted from system failures or malfunctions, the -135 System

Program Director (SPD) recognized that a logical, organized, and disciplined approach to ensure or monitor the safety and

durability of aircraft functional systems did not exist. This was true even though system failures or anomalies have caused most

mishaps within the last five years involving USAF large body transport type aircraft. At this same time, HQ AMC/CC tasked the

SPD's managing the aircraft within their command to develop a Functional Systems Integrity Program (FSIP) to ensure the safety

and durability of aircraft systems much like the Aircraft Structural Integrity Program ensures the safety of aircraft structures. Since

a generic FSIP process did not exist, the -135 SPD vohmteered to develop a FSIP process which would be adaptable to all aircraft

based on recent experience with analysis and problem resolution of -135 fuel systems. The requirement for a generic FSIP process

was subsequently cancelled. However, the -135 Board of Directors decided that any -135 sustainment program must include a

thorough and pro-active evaluation of system integrity especially in the light of the aging problems, changing aircraft roles and

missions, subtle system degradations that may have been induced during years of system sustainment, etc. Accordingly, the SPD

tasked Coral Reach, the C/KC-135 Aging Aircraft Integrated Production Team (IPT), to develop and execute a FSIP process. Coral

Reach then expanded their Integrated Product Team (IPT) with the -135 OEM to accomplish this effort. This paper presents the

-135 FSIP process, and the activity and progress made to date.
Author

System Failures; Systems Health Monitoring; Malfunctions; Aircraft Safety

1999_49259 Dayton Univ. Research Inst., OH USA

Aging of Aircrafl Transparencies

Bouchard, Michael R, Dayton Univ. Research Inst., USA; Bowman, Daniel R., Dayton Univ. Research Inst., USA; Whitney,

Thomas J., Dayton Univ. Research Inst., USA; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999,

Pt. 1, pp. 91-100; In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

Aircraft transparencies (windshields, canopies, and windows) are structural components that must withstand flight and

ground loads. This paper seeks to demonstrate that transparencies, like metal airframe components, are subject to aging with

attendant reductions in structural capability, and therefore transparency aging must be adequately considered when addressing

aircraft structural integrity. Typical transparency construction and aging mechanisms are described, and case histories

demonstrating the impact of aging on structural life and safety are presented. Approaches for managing transparency aging,

including design, removal for cause, inspection, and life extension, are described. The discussion is based on experience with

military aircraft transparency system design, development, research, and problem solving.
Author

Aircraft Structures; Windshields; Transparence; Aging (Materials); Canopies; Structural Analysis; Structural Failure
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19990{}49265IsraelAircraftIndustriesLtd.,EngineeringDiv.,Ben-GurionAirport,Israel
Composite Repair (ff Aging Metallic Structure P-Versi<m 3D FJnRe Eleme_t Approach

Nathan, Arnold, Israel Aircraft Industries Ltd., Israel; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January

1999, Pt. 1, pp. 153-162; In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

A quick, easy and relatively accurate method to calculate the effect of composite material repairs bonded to metallic structure

is addressed in this paper. P-version, three dimensional, parametric, finite element analysis is used to calculate load transfer to

the repair as well as stress intensity factors for cracks in the parent metallic structure. Cracks by cutouts under composite patches

are also analyzed. The parametric nature of the model allows simple changes in geometry or crack size.
Author

Composite Materials; Structural Analysis; Stress Intensity Factors; Load Distribution (Forces); Finite Element Method; Cracks;

Maintenance; Mathematical Models

1999_{_49267 Naval Air Warfare Center, Structures Engineering, Patuxent River, MD USA

Repair Developme_ f_)r Fa_ig_e Cracks in _he F-gE Ver_cM S_taMlizer

Elmore, Jennifer S., Naval Air Warfare Center, USA; Rosenzweig, Edwin L., Naval Air Warfare Center, USA; Ulander, Penelope,

Naval Aviation Depot, USA; Perl, Douglas, Naval Aviation Depot, USA; The Second Joint NASA/FAA/DOD Conference on

Aging Aircraft; January 1999, Pt. 1, pp. 173-182; In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy;
A04, Microfiche

This paper describes the experience gained by the Navy in the development of composite patch repair techniques for the F-5E

vertical stabilizer. The F-5E is used by the Navy as an aggressor aircraft in the Dissimilar Air Combat Training (DACT) program.

In this role, the aircraft has sustained different and more severe fatigue loading than originally designed. Fatigue cracking was

discovered at the termination of the integral blade stiffeners in the aft section of the vertical stabilizer. These fatigue cracks occur

randomly at five different vertical stabilizer stations (VSS). Bulges due to plastic deformation were also found in the skins at some
repair stations. Due to the long lead times and costs associated with the manufacturing of new stabilizers, the decision was made

to engineer and apply a bonded composite repair concept. This paper outlines the approach followed in the planning, development,

certification and application of repairs to arrest or retard crack growth thereby restoring original structural life and elaborates on

critical stages in the process and important lessons learned. A grit blast/silane surface preparation technique developed by the U.

S. Air Force was selected. A double vacuum debulk and staging process was developed for Textron 5521 Boron/epoxy to improve

patch quality, inspectability and formability over the plastically deformed bulges in the skin. The overall engineering, and

certification methodology also required extensive design and analysis efforts to properly size, shape and locate the patch on the

post-buckled structure. Also, limited coupon testing was performed to verify critical processes, certify personnel, and establish

material design allowables. Subcomponent design and fatigue testing were required to replicate skin loads, demonstrate crack

initiation, and validate the repair design and crack growth retardation predictions. Finally, NDI methods were developed to

monitor crack growth rate and detect possible failures. Initially, the repaired stabilizers will be inspected using eddy current, the

patch bondline by thermography. As confidence in the repair process grows, the inspection intervals will be lengthened to account

for the beneficial effects of the repair on structural integrity and durability.
Author

Aircraft Structures; Stabilizers (Fluid Dynamics); Fatigue (Materials); Aircraft Maintenance; Composite Materials; Crack

Arrest; Cracking (Fracturing)

1999{}_49281 Boeing Phantom Works, Seattle, WA USA

Bonded Repair "Ik_,ch_iques _sing Sol_Ge| Sm'face Preparations

Blohowiak, Kay Y., Boeing Phantom Works, USA; Krienke, Kenneth A., Boeing Phantom Works, USA; Osborne, Joseph H.,

Boeing Phantom Works, USA; Mazza, James J., Air Force Research Lab., USA; Gaskin, Georgette B., Naval Aviation Systems

Team, USA; Arnold, Jonahira R., Naval Aviation Systems Team, USA; DePiero, William S., Army Armament Research,

Development and Engineering Center, USA; Brescia, Joseph, Army Armament Research, Development and Engineering Center,

USA; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 313-320; In English; See also
19990049248

Contract(s)/Grant(s): SERDP Proj. PP-1113; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

This joint development program is a concerted SERDP-funded Tri-Service effort to develop sol-gel surface treatments for

adhesive bonding on aluminum, titanium, and steel surfaces. Sol-gel formulations and processes applicable to epoxy adhesive

systems were developed. These nonchromated, water-based sol-gel coating systems are comprised of environmentally-acceptable

materials and can be applied on the substrate by spraying, brushing, or swabbing for various repair applications. The joint R&D

project focuses on development, optimization, and implementation of these sol-gel processes for repair and remanufacture of
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aircraftstructures.Thegoalsofthisprogramaretodesignaprocessthat1)increasesdurability,2)improvesprocessrobustness,
3)decreasesrepairtime,4)usessimpleequipmentandprocesses,4)usesenvironmentally-friendlymaterials,andthroughallof

these 5) increases affordability. Depot sites, including NADEP-North Island, NADEP-Cherry Point, Warner Robins ALC, and

Corpus Christi Army Depot are involved in the requirements generation and testing cycle to ensure end-user needs are being met

and technology transition issues are assessed. Current and potential applications of this technology on aerospace hardware and

manufacturing and repair criteria are discussed.
Author

Sol-Gel Processes; Adhesive Bonding; Aircraft Maintenance; Surface Treatment; Metal Surfaces; Performance Tests; Aircraft
Structures
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Baker, Alan A., Defence Science and Technology Organisation, Australia; Galea, Stephen C., Defence Science and Technology

Organisation, Australia; Powlesland, Ian G., Defence Science and Technology Organisation, Australia; The Second Joint

NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 328-338; In English; See also 19990049248; No

Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

The application of bonded composite patches to repair or reinforce defective metallic structures is becoming recognised as

a very effective versatile remedial procedure for many types of problems. Immediate applications of bonded patches are in the

fields of repair of cracking, localised reinforcement after removal of corrosion damage and for reduction of fatigue strain. The

application of bonded composite patches or reinforcements to repair or restore properties of defective secondary structures has

become routine in the Royal Australian Air Force (RAAF). However, bonded repairs to critical damage in primary components
are generally limited due to certification concerns and are generally acceptable only on the basis that a margin on design limit-load

(DLL) capability is retained in the loss (total absence) of the repair, to certify such repairs substantial analysis and testing programs

are required, as well as a stringent inspection program during service to ensure structural integrity is not compromised. For

certification and management of critical repairs for very high cost components, the "Smart Patch" approach may be an acceptable

solution from the airworthiness perspective and be cost effective for the operator and may even allow some relaxation of the

certification requirements. Assuming patch disbonding due to bond environmental degradation is not a concern and that the static

requirements are satisfied, then full credit for the patch in slowing crack growth could be justified by a continuous

safety-by-inspection approach based on self-assessment of the patch system integrity using a "smart patch" approach. In the most

basic form of the "Smart Patch", in-situ sensors can be used as the nerve system to monitor in-service the structural condition

(health or well-being) of the patch system and the status of the remaining damage in the parent structure. This application would

also allow the operator to move away from current costly time-based maintenance procedures toward real-time health condition

monitoring of the bonded repair and the repaired structure. These systems would allow timely decisions on preventative and

scheduled maintenance before failure of the repair or repaired structure, to this end a 'stand-alone' patch health monitoring device

which is in close proximity to sensors on a repair is being developed. More specifically this paper describes a laboratory

demonstration on bonded doublers of an F- 111 skin doubler specimen. The instrumentation will measure, process and store sensor

measurements during flight and then allow this data to be down loaded, after the flight, onto a PC, via remote (wireless) data access.
Author
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I_corp(wafing Scene Mosaics as Visual Indexes I_t(_ UAV Video Imagery Databases

Page, Timothy I.; Mar. 1999; 61p; In English

Report No.(s): AD-A361624; AFIT/GCS/ENG/99M-16; No Copyright; Avail: CASI; A04, Hardcopy; A01, Microfiche

The rise of large digital video archives has strengthened the need for more efficient ways of indexing video files an accessing

the information contained in them. Reconnaissance platforms, such as the Predator UAV, are contributing thousands of hours of

video footage that require analysis, storage, and retrieval. A process is proposed for converting a video stream into a series of

mosaic and selected still images that provide complete coverage of the original video. The video mosaic images can be utilized

as visual indexes into a video database, in addition, mosaic images contain information from an entire sequence of video frames

to provide "at a glance" analysis capabilities. Actual reconnaissance video footage is converted to still-image representation using

the proposed process and the results are discussed. Further, a web-based browse and search capability was developed to
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demonstrate the benefits of using the proposed process. Further, the Predator Unmanned Aerial Vehicle (UAV) system

configuration is described with recommendations for placement of the video mosaic building process proposed in this research.
DTIC
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19990_}5_}91_ La Sapienza Univ., Dipt. Aerospaziale, Rome, Italy
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Mastroddi, E, La Sapienza Univ., Italy; Ciancaleoni, E., La Sapienza Univ., Italy; Morino, L., Rome III Univ., Italy;

CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp.

33-42; In English; See also 19990050911; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

A Multidisciplinary Design Optimization (MDO) study for a transport configuration with emphasis on the integrated

aerodynamic and structural design of the wing is presented. The novelty is in the use of aeroelastic constraints for flutter as well

as gust response (both deterministic and stochastic).
Author
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1999{}(_5(_924 Rome III Univ., Dept. of Mechanical and Industrial Engineering, Rome, Italy
Analysis _ff Fuselage Vibration,s I_duced by _he Propro_or in a 'Filtrot_r Aircraf_

Gennaretti, M., Rome III Univ., Italy; Iemma, U., Rome III Univ., Italy; CEAS/AIAA/ICASE/NASA Langley International

Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 139-148; In English; See also 19990050911; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

The aim of the present paper is the analysis of the aerodynamically induced fuselage vibrations for proprotor-fuselage

configurations which are of interest in tiltrotor aircraft. As widely known, the development of technology concerning tiltrotor

aircraft is of primary interest in modern aeronautical research. This type of vehicle combines advantageous takeoff and landing

procedures (similar to those needed by helicopters), with cruise performances that are analogous to those of currently used

propeller-driven airplanes. Noting such flexibility in flight operations, it may be anticipated a large impact of this kind of aircraft

on the aeronautical transport field in the near future. Here, we consider different proprotor-fuselage configurations which include

those related to vertical takeoff and landing (horizontal proprotor disk), and cruise conditions (vertical proprotor disk). In the

fuselage vibration analysis, the elastic displacements are expressed in terms of series expansions on a complete set of orthogonal

functions. The forcing terms in the structural dynamics equations, which depend on the exterior pressure field, are obtained from

the analysis of the interactional aerodynamics of the fuselage-proprotor system. This will be accomplished by a boundary element

method for compressible potential flows, based on a boundary integral equation for the velocity potential. The application of the

Bernoulli theorem yields the pressure distribution and hence the aerodynamic loads acting on the fuselage. The formulation

presented has been applied to a simple, but realistic, fuselage configuration. Numerical results are presented for external pressure

fields generated by a proprotor in three different flight conditions, corresponding to the takeoff and landing phase (horizontal rotor

disk), cruise (vertical rotor disk), and the conversion phase (45 degrees angle between the rotor axis and the fuselage axis). In order

to validate the methodology on a simple test case, the results obtained for an external pulsating point source are also included.
Author

Interactional Aerodynamics; Fuselages; Forced Vibration; Aircraft Configurations; Orthogonal Functions; Rotor

Aerodynamics; Tilt Rotor Aircraft; Mathematical Models; Dynamic Structural Ana@sis; Propellers; Rotors
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Dykman, John R., Boeing Co., USA; Rodden, William R, Rodden (William R), USA; CEAS/AIAA/ICASE/NASA Langley

International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 425-432; In English; See also
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The P-Transform method provides an alternative to the Rational Function Approximation (RFA) methods for representing

oscillatory aerodynamics in the time domain. It is based on the flutter eigenvalues and eigenvectors obtained for each mode at

a given velocity from a PK-flutter analysis. As such it avoids the curve fitting errors of the RFA and assures exact agreement with

flutter predictions. Furthermore, it makes no assumptions regarding the transient aerodynamic lagging mechanism and is therefore

equally valid at subsonic and supersonic speeds. An application is presented to a forward-swept wing aircraft configuration that
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has been the subject of earlier maneuvering studies by quasisteady methods. The differences between the responses using

quasisteady aerodynamic loads and general unsteady loads are illustrated in this example.
Author

Flutter Analysis; Aeroelasticity ; Prediction Analysis Techniques; Transient Response; Unsteady Aerodynamics; Aerodynamic
Loads
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Airf_i| Design [Mng a C(mp_ed EMer and IntegraJ Boundary Layer l_'1ethod with A¢_}oint Based Sensitivitie_

Edwards, S., California Univ., USA; Reuther, J., California Univ., USA; Chattot, J. J., California Univ., USA; [1997]; In English

Contract(s)/Grant(s): NCC2-5201; Copyright; Avail: Issuing Activity, Hardcopy, Microfiche

The objective of this paper is to present a control theory approach for the design of airfoils in the presence of viscous

compressible flows. A coupled system of the integral botmdary layer and the Euler equations is solved to provide rapid flow

simulations. An adjunct approach consistent with the complete coupled state equations is employed to obtain the sensitivities

needed to drive a numerical optimization algorithm. Design to target pressure distribution is demonstrated on an RAE 2822 airfoil

at transonic speed.
Author

Airfoils; Equations of State; Boundary Layers; Control Theory; Pressure Distribution; Viscous Flow

1999_{_51{_24 Washington Univ., Dept. of Aeronautics and Astronautics, Seattle, WA USA

Equ_vale_ P_a_e Str_c_t_ra| M_de_g for W_g Shape Optimization I_clud_g Transverse Shear

Livne, Eli, Washington Univ., USA; AIAA Journal; June 1994; Volume 32, No. 6, pp. 1278-1288; In English

Contract(s)/Grant(s): NAG2-723; Copyright; Avail: Issuing Activity, Hardcopy, Microfiche

A new technique for structural modeling of airplane wings is presented taking transverse shear effects into accotmt. The

kinematic assumptions of first-order shear deformation plate theory In combination with numerical analysis, where simple

polynomials are used to define geometry, construction, and displacement approximations, lead to analytical expressions for

elements of the stiffness and mass matrices and load vector. Contributions from the cover skins, spar and rib caps, and spar and

rib webs are included as well as concentrated springs and concentrated masses. Limitations of wing modeling techniques based

on classical plate theory are discussed, and the Improved accuracy of the new equivalent plate technique is demonstrated through

comparison with finite element analysis and test results. Expressions for analytical derivatives of stiffness, mass, and load terms

with respect to wing shape are given. Based on these, it is possible to obtain analytic sensitivities of displacements, stresses, and

natural frequencies with respect to planform shape and depth distribution. This makes the new capability an effective structural

tool for wing shape optimization.
Author

Shear Stress; Transverse Loads; Wings; Finite Element Method; Loads (Forces); Numerical Analysis; Deformation; Kinematics

1999_{}51{_25 Washington Univ., Dept. of Aeronautics and Astronautics, Seattle, WA USA

Analytic SensRivJties fin" Shape Opfimi_.a|:ion in Eqtfiwflen|_ Plate Structural Wing M(_de_s

Livne, Eli, Washington Univ., USA; Journal of Aircraft; August 1994; Volume 31, No. 4, pp. 961-969; In English

Contract(s)/Grant(s): NAG2-723; Copyright; Avail: Issuing Activity, Hardcopy, Microfiche

Equivalent plate modeling techniques based on Ritz analysis with simple polynomials prove to be efficient tools for structural

modeling of wings in the preliminary design stage. Accuracy problems are encountered, however, when these models are used

to obtain finite difference behavior sensitivities with respect to planform shape. The accuracy problems are associated with the

poor numerical conditioning of static and eigenvalue equations. As higher-order polynomials are being used to Improve the

analysis itself, the more sensitive is the finite difference derivative to the step size used. This article describes a formulation of

wing equivalent plate modeling in which it is simple to obtain analytic, explicit expressions for stiffness and mass matrix elements

without the need to perform numerical integration. This formulation leads naturally to analytic expressions for the derivatives of

displacements, stresses, and natural frequencies with respect to shape design variables. This article examines the accuracy of fmite

difference derivatives compared with the analytic derivatives, and shows that In some cases it is impossible to obtain any

information of value by finite differences. Analytic sensitivities, in this case, are still sufficiently accurate for design optimization.
Author

Design Analysis; Numerical Integration; Stiffness Matrix; Finite Difference Theory; Optimization; Planforms; Shapes

27
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Whitfield, David L., Mississippi State Univ., USA; Briley, W. Roger, Mississippi State Univ., USA; 1999; In English

Contract(s)/Grant(s): NAG2-114; Copyright; Avail: Issuing Activity (Mississippi State Univ., P.O. Box 9627, Mississippi State,

MS 39762-9627), Hardcopy, Microfiche

A physics based capability is being developed for flow simulations and maneuvering predictions for tiltrotor aircraft,

including treatments of the rotors both as actual rotating blades and as body force (actuator disk) models. Simulations of relevance

to tiltrotor aircraft include isolated rotors, quasisteady airframes with actuator disk rotors, and full configurations with rotating
blades. Flow regimes of interest include hover, cruise and transition or conversion conditions. Body force models of rotors that

include radial distributions of thrust and torque have significant advantages in reducing grid size, grid complexity and runtimes,

and in excluding high Mach number tip regions. A time step that is larger than that needed to resolve detailed unsteady rotor

physics can be used, and hence fewer time steps are required. However, this model does not adequately predict details of tmsteady

rotor flows such as blade/vortex and rotor wake/airframe interactions of interest during transition, and for noise reduction. This

type of flow problem can introduce variable Mach number effects due to large regions of low velocity flow during hover, and

possible transonic rotor tip effects (flutter, increased drag, and aerodynamic interference) during high speed cruise. Accordingly,

there is a need for variable Mach number algorithms and simulations, and this capability is also being developed and applied in

this study. Icing effects on both airframe and rotor are also of interest in connection with maneuverability and stability. Simulations

for isolated rotors and airframe/disk/rotor combinations are all of interest. This study will explore influences of icing by including

existing icing models in flow simulations, through collaboration with Tennessee State University.
Derived from text

Tilt Rotor Aircraft; Aerodynamic Characteristics; Maneuverability; Unsteady Flow; Hovering

1999_52617 Arizona State Univ., Tempe, AZ USA
MMfidisc_pl_ary Opt[m[zat_o_ of T_lt Rotor |_lades Using Comprehensive Composite Modeling Technique

Chattopadhyay, Aditi, Arizona State Univ., USA; McCarthy, Thomas R., Arizona State Univ., USA; Rajadas, John N., Arizona

State Univ., USA; 1997; In English, 29 Apr. - 1 May 1997, Virginia Beach, VA, USA; Sponsored by American Helicopter Society,

Inc., USA

Contract(s)/Grant(s): NAG2-1046; NAG2-771; Copyright; Avail: Issuing Activity, Hardcopy, Microfiche

An optimization procedure is developed for addressing the design of composite tilt rotor blades. A comprehensive technique,

based on a higher-order laminate theory, is developed for the analysis of the thick composite load-carrying sections, modeled as

box beams, in the blade. The theory, which is based on a refined displacement field, is a three-dimensional model which

approximates the elasticity solution so that the beam cross-sectional properties are not reduced to one-dimensional beam

parameters. Both inplane and out-of-plane warping are included automatically in the formulation. The model can accurately

capture the transverse shear stresses through the thickness of each wall while satisfying stress free boundary conditions on the

inner and outer surfaces of the beam. The aerodynamic loads on the blade are calculated using the classical blade element

momentum theory. Analytical expressions for the lift and drag are obtained based on the blade planform with corrections for the

high lift capability of rotor blades. The aerodynamic analysis is coupled with the structural model to formulate the complete

coupled equations of motion for aeroelastic analyses. Finally, a multidisciplinary optimization procedure is developed to improve

the aerodynamic, structural and aeroelastic performance of the tilt rotor aircraft. The objective functions include the figure of merit

in hover and the high speed cruise propulsive efficiency. Structural, aerodynamic and aeroelastic stability criteria are imposed as

constraints on the problem. The Kreissehneier-Steinhauser function is used to formulate the multiobjective function problem. The

search direction is determined by the Broyden-Fletcher-Goldfarb-Shanno algorithm. The optimum results are compared with the

baseline values and show significant improvements in the overall performance of the tilt rotor blade.
Author

Rotor Blades (Turbomachinery); Algorithms; Design Analysis; Equations of Motion; Three Dimensional Models; Tilt Rotor

Aircraft
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A utoma_ed F_ite Elemen_ Modeling of W_ng S_r_c_ures for Shape Op_miza_o_

Harvey, Michael Stephen, Washington Univ., USA; Nov. 12, 1993; 183p; In English
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The displacement formulation of the finite element method is the most general and most widely used technique for structural

analysis of airplane configurations. Modem structural synthesis techniques based on the finite element method have reached a

certain maturity in recent years, and large airplane structures can now be optimized with respect to sizing type design variables
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for many load cases subject to a rich variety of constraints including stress, buckling, frequency, stiffness and aeroelastic

constraints (Refs. 1-3). These structural synthesis capabilities use gradient based nonlinear programming techniques to search for

improved designs. For these techniques to be practical a major improvement was required in computational cost of finite element

analyses (needed repeatedly in the optimization process). Thus, associated with the progress in structural optimization, a new

perspective of structural analysis has emerged, namely, structural analysis specialized for design optimization application, or.what

is known as "design oriented structural analysis" (Ref. 4). This discipline includes approximation concepts and methods for

obtaining behavior sensitivity information (Ref. 1), all needed to make the optimization of large structural systems (modeled by

thousands of degrees of freedom and thousands of design variables) practical and cost effective.
Derived from text

Finite Element Method; Structural Analysis; Aircraft Structures; Aeroelasticity; Cost Effectiveness; Optimization; Stiffness;

Design Analysis
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Patil, Mayuresh J., Georgia Inst. of Tech., USA; Hodges, Dewey H., Georgia Inst. of Tech., USA; Cesnik, Carlos E. S.,

Massachusetts Inst. of Tech., USA; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural

Dynamics 1999; June 1999, Pt. 2, pp. 501-510; In English; See also 19990052675

Contract(s)/Grant(s): F49620-98-1-0032; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

This paper presents the results of nonlinear aeroelastic analysis of a representative large-aspect-ratio wing. The effects of

steady-state lift and drag are characterized and quantified. Certain simplifications for obtaining nonlinear results are given and

a way of avoiding deleterious nonlinear effects is presented.
Author
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1999_{_52682 Northrop Grumman Corp., Integrated Systems and Aerostructures, Pico Rivera, CA USA
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Dreim, D. R., Northrop Grumman Corp., USA; Jacobson, S. B., Northrop Grumman Corp., USA; Britt, R. T., Northrop Grumman

Corp., USA; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June
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At high subsonic flight speeds, large flexible aircraft begin to encounter unsteady airloads which are not predicted by most

currently available aerodynamic analysis and design methods. With increasing speed and the development of transonic flow and

shocks, viscous effects quickly become very important, and flow separation can occur. The Northrop Grumman USAF B-2

Bomber encountered a nonlinear aeroelastic Residual Pitch Oscillation (RPO) under these conditions. Simulation studies were

performed with the Computational Aeroelasticity Program-Transonic Small Disturbance, Viscous (CAPTSDv) computer

program to evaluate its ability to predict these nonlinear aeroelastic responses. Open and closed loop simulations were performed

to assess the participation of the flight control system. Control, system actuator hysteresis characteristics were modeled and found

to be a significant participant in the RPO phenomenon. Simulations were also performed for varying Mach numbers and altitudes

to establish the stability boundaries and compare with flight test data. These CAPTSDv simulations compared well with flight

data and revealed many potential further modeling enhancements.
Author
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Viscous Flow; B-2 Aircraft
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An Overview of Landing Gear Dynamics
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One of the problems facing the aircraft community is landing gear dynamics, especially shimmy and brake-induced vibration.

Although neither shimmy nor brake-induced vibrations are usually catastrophic, they can lead to accidents due to excessive wear

and shortened life of gear parts and contribute to pilot and passenger discomfort. Recently, NASA has initiated an effort to increase

the safety of air travel by reducing the number of accidents by a factor of five in ten years. This safety initiative has spurred an
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increasedinterestin improvinglandinggeardesignto minimizeshimmyandbrake-inducedvibrationthatarestill largely
misunderstoodphenomena.Inordertoincreasetheunderstandingoftheseproblems,aliteraturesurveywasperformed.Themajor
focusofthepaperistosummarizeworkdocumentedfromthelasttenyearstohighlightthelatesteffortsinsolvingthesevibration
problems.Olderpublicationsareincludedtounderstandthelongevityoftheproblemandthefindingsfromearlierresearchers.
Theliteraturesurveyrevealedavarietyof analyses,testing,modeling,andsimulationofaircraftlandinggear.Experimental
validationandcharacterizationofshimmyandbrake-inducedvibrationofaircraftlandinggeararealsoreported.Thispaper
presentsanoverviewoftheproblemdocumentedinthereferencestogetherwithahistoryoflandinggeardynamicproblemsand
solutions.Basedontheassessmentofthissurvey,recommendationsofthemostcriticallyneededenhancementstothestateof
theartaregiven.
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Concepts for long-range air travel are characterized by airframe designs with long, slender, relatively flexible fuselages. One

aspect often overlooked is ground induced vibration of these aircraft. This paper presents an analytical and experimental study

of reducing ground-induced aircraft vibration loads using actively controlled landing gears. A facility has been developed to test

various active landing gear control concepts and their performance. The facility uses a NAVY A6-intruder landing gear fitted with

an auxiliary hydraulic supply electronically controlled by servo valves. An analytical model of the gear is presented including

modifications to actuate the gear externally and test data is used to validate the model. The control design is described and

closed-loop test and analysis comparisons are presented.
Author
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A computer code for aeroelastic tailoring of an arrow wing supersonic cruise configuration is developed. A direct search

method is employed to find the optimum fiber orientation angles and thickness distributions of the upper and lower skin panels

of the wing box for the minimum weight design under multiple constraints. The static strength symmetric and antisymmetric

flutter velocities are taken into account at the same time as the thickness constraints. The code is applied to a typical arrow wing

configuration to demonstrate its capabilities.
Author
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This paper discusses ways of determining the effects of aeroelastic tailoring in the predevelopment phase of wings. At

DaimlerChrysler Aerospace Airbus, the program system FAME (Fast and Advanced Multidisciplinary Engineering) has been

developed. The part FAME-w deals with the mass prognosis of wings. In order to achieve reliable data within a short period of

time, it is imperative to take into account the elastic properties of the structure for the determination of the aerodynamic loads and

for the preliminary dimensioning. Only by regarding these effects, the FAME-w program has been successful in providing reliable
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prognosesofwingmassand,ofcourse,oftheoccurringloadsanddeformation.Thisreportdescribestheextensionscarriedout
sofarwhichmakeit possibletoinvestigatetheeffectsandpossibilitiesofcompositewings,aswell,usingFAME-w.
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Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp. 777-809; In English; See also 19990052675

Contract(s)/Grant(s): NCC2-374; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

The aeroelastic equations of motion governing a hypersonic vehicle in free flight are derived. The equations of motion for

a translating and rotating flexible body using Lagrange's equations in terms of quasi-coordinates are presented. These equations

are simplified for the case of a vehicle with pitch and phmge rigid body degrees of freedom and small elastic displacements. The

displacements are approximated by a truncated series of the unrestrained mode shapes, which are obtained using equivalent plate

theory. Subsequently, the nonlinear equations of motion are linearized about the trim state, which is obtained using a rigid body

trim model and steady hypersonic aerodynamics. The appropriate flutter derivatives are calculated from piston theory. Results

describing mode shapes, trim behavior, and aeroelastic stability of a generic hypersonic vehicle are presented.
Author
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_)9_)g_}52727 Washington Univ., Seattle, WA USA

Conceptual _)esign Oriented Wing Struc|:ural Analysis a_d Optimizafio_

Lau, May Yuen, Washington Univ., USA; Dec. 11, 1996; 80p; In English

Contract(s)/Grant(s): NAG2-723; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

Airplane optimization has always been the goal of airplane designers. In the conceptual design phase, a designer's goal could

be tradeoffs between maximum structural integrity, minimum aerodynamic drag, or maximum stability and control, many times

achieved separately. Bringing all of these factors into an iterative preliminary design procedure was time consuming, tedious, and

not always accurate. For example, the final weight estimate would often be based upon statistical data from past airplanes. The

new design would be classified based on gross characteristics, such as number of engines, wingspan, etc., to see which airplanes

of the past most closely resembled the new design. This procedure works well for conventional airplane designs, but not very well

for new innovative designs. With the computing power of today, new methods are emerging for the conceptual design phase of

airplanes. Using finite element methods, computational fluid dynamics, and other computer techniques, designers can make very

accurate disciplinary-analyses of an airplane design. These tools are computationally intensive, and when used repeatedly, they

consume a great deal of computing time. In order to reduce the time required to analyze a design and still bring together all of

the disciplines (such as structures, aerodynamics, and controls) into the analysis, simplified design computer analyses are linked

together into one computer program. These design codes are very efficient for conceptual design. The work in this thesis is focused

on a fmite element based conceptual design oriented structural synthesis capability (CDOSS) tailored to be linked into ACSYNT.
Derived from text
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_9_9_52755 Old Dominion Coll., Dept. of Aerospace Engineering, Norfolk, VA USA

C(_n_r_l Design Strategies _o Enha_ce Long:_[k_,rm A_rcrafi S_ruc_ural I_tegr_y Fina_ _e'p_r_; [ eriod ending ll ,]an, 1999

Newman, Brett A., Old Dominion Coll., USA; June 1999; 3 lp; In English

Contract(s)/Grant(s): NCC1-273

Report No.(s): ODURF-181210; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Over the operational lifetime of both military and civil aircraft, structural components are exposed to hundreds of thousands

of low-stress repetitive load cycles and less frequent but higher-stress transient loads originating from maneuvering flight and

atmospheric gusts. Micro-material imperfections in the structure, such as cracks and debonded laminates, expand and grow in this

environment, reducing the structural integrity and shortening the life of the airframe. Extreme costs associated with refurbishment

of critical load-bearing structural components in a large fleet, or altogether reinventoring the fleet with newer models, indicate

alternative solutions for life extension of the airframe structure are highly desirable. Increased levels of operational safety and

reliability are also important factors influencing the desirability of such solutions. One area having significant potential for
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impactingcrackgrowth/fatiguedamagereductionandstructurallifeextensionisflightcontrol,tomodifytheairframeresponse
dynamicsarisingfromcommandinputsandgustdisturbances,feedbackloopsareroutinelyappliedtovehicles.Adexterousflight
controlsystemarchitecturesenseskeyvehiclemotionsandgeneratescriticalforces/momentsatmultiplepointsdistributed
throughouttheairframetoelicitthedesiredmotioncharacteristics.In principle,thesesamecontrolloopscanbeutilizedto
influencethelevelofexposuretoharmfulloadsduringflightonstructuralcomponents.Projectobjectivesaretoinvestigateand/or
assesstheleveragecontrolhasonreducingfatiguedamageandenhancinglong-termstructuralintegrity,withoutdegrading
attitudecontrolandtrajectoryguidanceperformancelevels.Inparticular,effortshavefocusedontheeffectsinnerloopcontrol
parametersandarchitectureshaveonfatiguedamagerate.tocompletethisresearch,anactivelycontrolledflexibleaircraftmodel
andanewstatespacemodelingprocedureforcrackgrowthhavebeenutilized.Analysisoftheanalyticalstatespacemodelfor
crackgrowthrevealedthecriticalmathematicalfactors,andhencethephysicalmechanismtheyrepresent,thatinfluencedhigh
ratesofairframecrackgrowth.Thecrackmodelwasthenexercisedwithsimpleloadinputstouncoverandexposekeycrack
growthbehavior,tocharacterizecrackgrowthbehavior,both"short-term"laboratoryspecimentesttypeinputsand"long-term"
operationalflighttypeinputswereconsidered.Harmonicloadingwithasingleoverloadrevealedtypicalexponentialcrackgrowth
behavioruntiltheoverloadapplication,afterwhichtimethecrackgrowthwasretardedforaperiodoftimedependingonthe
overloadstrength.Anoptimumoverloadstrengthwasidentifiedwhichleadstomaximumretardationofcrackgrowth.Harmonic
loadingwitharepeatedoverloadofvaryingstrengthandfrequencyagainrevealedanoptimumoverloadtraitformaximizing
growthretardation.Theoptimumoverloadstrengthratioliesneartherangeof2to3withdependencyonfrequency.Experimental
datawasfoundtocorrelatewellwiththeanalyticalpredictions.
Derivedfromtext
Aircraft Structures; Structural Design; Prediction Analysis Techniques; Control Systems Design; Active Control; Crack

Propagation; Fatigue (Materials); Aircraft Models

1999{}_52759 NASA Lewis Research Center, Cleveland, OH USA

Pro_)abi_i_ic EvMuati(m (ff Fuse_ageo_pe C(_mp(_si_te S_truc_ures

Shiao, Michael C., Sverdrup Technology, Inc., USA; Chamis, Christos C., NASA Lewis Research Center, USA; Probabilistic

Engineering Mechanics; 1998; ISSN 0266-8920; Volume 14, pp. 179-187; In English; Copyright; Avail: Issuing Activity,

Hardcopy, Microfiche

A methodology is developed to simulate computationally the uncertain behavior of composite structures. The uncertain

behavior includes buckling loads, natural frequencies, displacements, stress/strain, etc., which are the consequences of the random

variation (scatter) of the primitive (independent random) variables in the constituent, plv. laminate and structural levels. This

methodology is implemented in a computer code integrated probabilistic assessment of composite structures (IPACS). A

fnselage-type composite structure is analyzed to demonstrate the code's capability. The probability distribution functions of the

buckling loads, natural frequency, displacement, strain and stress are computed. The sensitivity of each primitive (independent

random) variable to a given structural response is also identified from the analyses.
Author
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1999_{}52866 NASA Langley Research Center, Hampton,VA USA

Aircraft aud Ground VeMc|e Winter Runway Fricfio_ Assessment

Yager, Thomas J., NASA Langley Research Center, USA; May 1999; 16p; In English; International Forum on Aeroelasticity and

Structural Dynamics, 22-25 Jnn. 1999, Williamsburg, VA, USA

Contract(s)/Grant(s): RTOP 522-18-11-04

Report No.(s): NASA/TM-1999-209142; L-17852; NAS 1.15:209142; No Copyright; Avail: CASI; A03, Hardcopy; A01,
Microfiche

Some background information is given together with the scope and objectives of a 5-year, Joint Winter Runway Friction

Measurement Program between the National Aeronautics & Space Administration (NASA), Transport Canada (TC), and the

Federal Aviation Administration (FAA). The primary objective of this effort is to perform instrumented aircraft and ground vehicle

tests aimed at identifying a common number that all the different ground vehicle devices would report. This number, denoted the

International Runway Friction Index (IRFI), will be related to all types of aircraft stopping performance. The range of test

equipment, the test sites, test results and accomplishments, the extent of the substantial friction database compiled, and future test
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planswillbedescribed.Severalrelatedstudieshavealsobeenimplementedincludingtheeffectsofcontaminanttypeonaircraft
impingementdrag,andtheeffectivenessofvariousrunwayandaircraftde-icingchemicaltypes,andapplicationrates.
Author
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i_999{}{_52997 Naval Air Warfare Center, Aircraft Div., Patuxent River, MD USA

High Intensity Radiated Field External Envirom_ents for Civi_ Aircraft Operating in the l_SA of America

Heather, Frederick W.; Dec. 1998; 138p; In English

Report No.(s): AD-A359458; NAWCADPAX-98-156-TM; No Copyright; Avail: CASI; A07, Hardcopy; A02, Microfiche

NAWCAD Patuxent River, Maryland, was tasked by the FAA to determine the High Intensity Radiated Field (HIRF) levels

for civil aircraft operating in the U.S. The electromagnetic field survey will apply to civil aircraft seeking FAA certification under

Federal Aviation Regulations (FAR's) Parts 23, 25, 27, and 29. The HIRF survey determined the Rotorcraft Severe, Fixed Wing

Severe, Certification, and Normal Environments that civil aircraft may be exposed to while operating in the continental U.S. and

its territories. The HIRF survey was accomplished by accessing EME data bases, technical manuals, and phone contact with

emitter operators to determine the HIRF drivers, analyze the severity, and provide a U.S. composite environment. These HIRF

environments were subsequently provided to the EEHWG for harmonization with the European HIRF environment. The

harmonized environment is known as the International HIRF environments that are planned to be used in the FAR advisory

material and other supporting documents. The International HIRF environments are also shown in this report for completeness.
DTIC

Electromagnetic Fields; Fixed Wings; Rotary Wing Aircraft

i_999{_53144 Pennsylvania State Univ., Dept. of Aerospace Engineering, University Park, PA USA

Recent Development i_ the Analytica_ Investigation of Ship|mard Rotorcraft Engage and Dise_gage Operations

Smith, Edward C., Pennsylvania State Univ., USA; Keller, Jonathan A., Pennsylvania State Univ., USA; Kang, Hao, Pennsylvania

State Univ., USA; Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp. 1-1 - 1-18;

In English; See also 19990053143; Copyright Waived; Avail: CASI; A03, Hardcopy; A03, Microfiche

This paper presents an overview of recent developments in an effort to predict transient aeroelastic rotor response during

shipboard engage and disengage sequences. The blade is modeled as an elastic beam undergoing in flap, lag, extension and torsion.

The blade equations of motion are formulated using Hamilton's principle and they are spatially discretized using the finite element

method. The discretized blade equations of motion are integrated for a specified rotor speed run-up or run-down profile. Blade

element theory is used to calculate quasi-steady or unsteady aerodynamic loads in linear and nonlinear regimes. The analysis is

capable of simulating both articulated, hingeless, and gimballed rotor systems. Validation of the rotor code is discussed, including

correlation with droop stop impact tests and wind tunnel experiments. Predictions of safe engagement and disengagement

envelopes, limited by excessive blade tip deflections or hub moments, are presented. Future directions of study are also discussed.
Author

Aeroelasticity; Finite Element Method; Equations of Motion; Unsteady Aerodynamics; Transient Response; Rotors

:_999{_{_53165 Krylov Shipbuilding Research Inst., Saint Petersburg, Russia

C_nceptual Ba_es _f WIG Craft |_uilding: Idea_ Reality and ()ut|_(_ks

Aframeev, E. A., Krylov Shipbuilding Research Inst., Russia; Fluid Dynamics Problems of Vehicles Operating Near or in the

Air-Sea Interface; February 1999, pp. 22-1 - 22-18; In English; See also 19990053143; Copyright Waived; Avail: CASI; A03,

Hardcopy; A03, Microfiche

Wing-in-Ground (WIG) craft (ekranoplans) building has sufficiently long history but till now there is not any established view

on their technical appearance and place in the system of transport means. It was assumed that technical and economical

characteristics of WIG craft wittingly exceeded those of competitive transport means: aircraft (and hydroaeroplanes) because of

the high lift-to-drag ratio value (aerodynamic efficiency). However in reality they don't a priori provide the superiority over the

aircraft (hydroaeroplanes). Now it is necessary to revise the conceptual base of WIG craft building. The idea of creation of second

generation ekranoplans on the base of a the A-conception, suggested by the author in 1977, assumes that they are created as marine

transport means with high ship features when sailing (air transport means, including hydroaeroplanes, doesn't possess such

features), i.e. as two-mode vehicles. Realization of this conception puts the ekranoplans out of competition as compare with other

classes of engineering in the cases when it is necessary to stay at sea for a long time. At the same time such ekranoplans have the

incomparably high level of safety when using for the transportation of passengers and cargo. In the near-term future the sphere

of WIG craft application can be significantly expanded and include not only the transportation but such important missions as

the creation of global sea rescue system or sea launch of space vehicles. In the more remote future it may be possible to realize
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thetrans-oceantransportation,howeverthismissionrequiresthecreationofsuperheavyekranoplanswhatinturnrequiresthe
solutionofsomecomplicatedtechnicalproblems.
Author

Air Transportation; Transport Aircraft; Aerospace Planes; Aerospace Engineering; Aircraft Design; Design Analysis; Ground

Effect (Aerodynamics); Ground Effect Machines

i1999_53167 Joint Stock Co. Agency for Technologies and Transport, Nizhny Novgorod, Russia

The Firs|: Commercial Ekranop|an "Arnpbis|:ar" a_d Prospects for the Deveh)pment of Passenger Ekr_nopla_s

Sinitsyn, D. N., Joint Stock Co. Agency for Technologies and Transport, Russia; Maskalik, A. I., Joint Stock Co. Agency for

Technologies and Transport, Russia; Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea Interface; February

1999, pp. 24-1 - 24-18; In English; See also 19990053143; Copyright Waived; Avail: CASI; A03, Hardcopy; A03, Microfiche

The background and evolution of ekranoplan development in Russia is described in the paper. The data are given on the

developed ekranoplans including the first civilian ekranoplans "Amphistar". The whole range of marine passenger ekranoplans

(MPE) developed by the Russian "Technologies and Transport" JSC is shown. The description of the Marine Passenger

Ekranoplan MPE-200 is presented together with conclusions concerning prospects for the development of passenger ekranoplans.
Author
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i_9_0053219 Georgia Inst. of Tech., Atlanta, GA USA

Integrated Diagnostics, l ,]u_. 1998 - 31 May 1999

Cowan, Richard S.; Winer, Ward O.; May 31, 1999; 192p; In English

Contract(s)/Grant(s): N00014-95-1-0539

Report No.(s): AD-A363343; No Copyright; Avail: CASI; A09, Hardcopy; A02, Microfiche

This document summarizes activity concerning the performance of basic research being conducted in the area of Integrated

Diagnostics, a term associated with the technologies and methodologies used to determine how mechanical failures occur, and

how they can be detected, predicted, and diagnosed in real time. Objectives, set forth through a Department of Defense

Multidisciplinary Research Program of the University Research Initiative (M-URI), are being addressed by faculty and staff from

the Georgia Institute of Technology, Northwestern University, and the University of Minnesota. Fourth year accomplishments

and plans are reported upon. During this reporting period, experiments based on material, load, and vibration information from

critical rotorcraft components continued so as to collect data of relevance in understanding the mechanisms of small crack growth

for use in developing fatigue failure models. Such models serve as a guide in the selection and development of sensors to detect

faults and pending failures. Effort has been placed on sensor development, and achieving the means to analyze and correlate

reliable sensor output for operator use. Organizationally, this activity is being accomplished through (11) projects, categorized

by the thrust areas of (1) Mechanical System Health Monitoring, including microsensor development and the condition

monitoring of rotordynamic elements; (2) Nondestructive Examination Technology; and (3) Material Failure Characterization

and Prediction Methodology.
DTIC

Rotary Wing Aircraft; Prediction Analysis Techniques; Failure Analysis; Vibration; Failure

1_)9_)005323_ Mitre Corp., Jason Program Office, McLean, VA USA

Nondestr_cfive Ew_hm|:io_ a_d Self-_'_o_fitoring _vlaterk_ls

Williams, Ellen; Lewis, Nate; Abarbanel, Henry; Eardley, Doug; Happer, Will; Apr. 1999; 55p; In English

Report No.(s): AD-A363256; JSR-98-145; No Copyright; Avail: CASI; A04, Hardcopy; A01, Microfiche

This report is a response to a request from DARPA for a JASON study to evaluate existing and novel approaches to

condition-based maintenance. Our guidance was to avoid the area of "smart materials", which is by itself an active area of research

with which DARPA is quite familiar. In addition, the JASON study was narrowed to exclude the research area devoted to

developing self-healing materials, i.e., materials that not only detect a change and produce a signal when the change occurs, but

which also deform or reorganize structurally at either the macroscopic or microscopic level to counteract any harmful operational

effects due to such changes. Instead, the JASON study focused primarily on methods through which condition-based maintenance

could be facilitated, improved, and/or enhanced.
DTIC

Aircraft Maintenance; Rotary Wings
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199904}53475 Electro Magnetic Applications, Inc., Denver, CO USA

Sta|:istical St_dy of the Distance of Closest Approach of Aircraft to Gro_md-Based Emitters Final Report

Elliott, James R., Electro Magnetic Applications, Inc., USA; Perala, Rodney A., Electro Magnetic Applications, Inc., USA; Apr.

1999; 36p; In English
Contract(s)/Grant(s): DTFA03-96-00036

Report No.(s): AD-A363263; EMA-97-R-007; DOT/FAA/AR-98/75; No Copyright; Avail: CASI; A03, Hardcopy; A01,
Microfiche

A Technical Program was initiated by the Federal Aviation Administration (FAA) William J. Hughes Technical Center to
determine the closest distances that aircraft fly to high-intensity radiation emitters. This program was launched as the FAA and

the High-Intensity Radiated Fields (HIRF) advisory committees were defining HIRF regulatory rulemaking requirements. This

study was conducted at the Denver International Airport to determine the actual closest distances that aircraft fly in proximity to

high-intensity radiation emitters. Information on emitter location, frequency, power, etc., was obtained from the Government

Master File. Aircraft flight information was obtained from the SAR (System Analysis Recordings) tapes at the Denver En Route

Center. This program was used in conjunction with a research effort which located all high-powered emitters in the U.S. and

Europe and established the actual HIRF environment.
DTIC
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AIRCRAFT PROPULSION AND POWER

Includes prime propulsion systems and systems components, e.g., gas turbine engines and compressors; and onboard auxiliary
power plants for aircraft.

1999_}_47399 NASA Dryden Flight Research Center, Edwards, CA USA

The Use of a IAdar Forward=Looking T_wbu_e_ce Sensor for _¢_ixed-Compresskm I_let Unstart Avoida_ce a_d Gross

Weight Red_miie_ o_ a High Speed Civil 'I'ranspor[

Soreide, David, Boeing Defense and Space Group, USA; Bogue, Rodney K., NASA Dryden Flight Research Center, USA;

Ehernberger, L. J., NASA Dryden Flight Research Center, USA; Ehemberger, L. J., NASA Dryden Flight Research Center, USA;

Seidel, Jonathan, NASA Lewis Research Center, USA; July 1997; 18p; In English; Joint Propulsion, 6-9 Jul. 1997, Seattle, WA,

USA; Sponsored by American Inst. of Aeronautics and Astronautics, USA
Contract(s)/Grant(s): RTOP 529-50-24

Report No.(s): NASA/TM-1999-104332; NAS 1.15:104332; H-2186; No Copyright; Avail: CASI; A03, Hardcopy; A01,
Microfiche

Inlet unstart causes a disturbance akin to severe turbulence for a supersonic commercial airplane. Consequently, the current

goal for the frequency of unstarts is a few times per fleet lifetime. For a mixed-compression inlet, there is a tradeoff between
propulsion system efficiency and unstart margin. As the unstart margin decreases, propulsion system efficiency increases, but so

does the unstart rate. This paper intends to first, quantify that tradeoff for the High Speed Civil Transport (HSCT) and second,

to examine the benefits of using a sensor to detect turbulence ahead of the airplane. When the presence of turbulence is known

with sufficient lead time to allow the propulsion system to adjust the unstart margin, then inlet unstarts can be minimized while

overall efficiency is maximized. The NASA Airborne Coherent Lidar for Advanced In-Flight Measurements program is

developing a lidar system to serve as a prototype of the forward-looking sensor. This paper reports on the progress of this

development program and its application to the prevention of inlet unstart in a mixed-compression supersonic inlet. Quantified

benefits include significantly reduced takeoff gross weight (TOGW), which could increase payload, reduce direct operating costs,

or increase range for the HSCT.
Author
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Report No.(s): NASA/CR-1999-208673; NAS 1.26:208673; E-11401; Rept-21-10296; No Copyright; Avail: CASI; A03,

Hardcopy; A01, Microfiche

As part of the NPSS (Numerical Propulsion Simulation System) project, NASA Lewis has a goal of developing an U.S.

industry standard for an axisymmetric engine simulation environment. In this program, AlliedSignal Engines (AE) contributed

to this goal by evaluating the ENG20 software and developing support tools. ENG20 is a NASA developed axisymmetric engine

simulation tool. The project was divided into six subtasks which are summarized below: Evaluate the capabilities of the ENG20

code using an existing test case to see how this procedure can capture the component interactions for a full engine. Link AE's

compressor and turbine axisymmetric streamline curvature codes (UD0300M and TAPS) with ENG20, which will provide the
necessary boundary conditions for an ENG20 engine simulation. Evaluate GE's Global Data System (GDS), attempt to use GDS

to do the linking of codes described in Subtask 2 above. Use a turbofan engine test case to evaluate various aspects of the system,

including the linkage of UD0300M and TAPS with ENG20 and the GE data storage system. Also, compare the solution results

with cycle deck results, axisymmetric solutions (UD0300M and TAPS), and test data to determine the accuracy of the solution.

Evaluate the order of accuracy and the convergence time for the solution. Provide a monthly status report and a final formal report

documenting AE's evaluation of ENG20. Provide the developed interfaces that link UD0300M and TAPS with ENG20, to NASA.

The interface that links UD0300M with ENG20 will be compatible with the industr,, version of UD0300M.
Author
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1999_47461 NASA Glenn Research Center, Cleveland, OH USA

Parametric Sh_dies of tI_e Ejector Process within a Turbine-Based C(_mbined-Cycle PropuMon System

Georgiadis, Nicholas J., NASA Glenn Research Center, USA; Walker, James F., NASA Glenn Research Center, USA; Trefny,

Charles J., NASA Glenn Research Center, USA; May 1999; 14p; Aerospace Sciences, 12-15 Jan. 1998, Reno, NV, USA;

Sponsored by American Inst. of Aeronautics and Astronautics, USA
Contract(s)/Grant(s): RTOP 523-61-23

Report No.(s): NASA/TM-1999-209172; NAS 1.15:209172; AIAA Paper 98-0936; E-11679; No Copyright; Avail: CASI; A03,

Hardcopy; A01, Microfiche

Performance characteristics of the ejector process within a turbine-based combined-cycle (TBCC) propulsion system are

investigated using the NPARC Navier-Stokes code. The TBCC concept integrates a turbine engine with a ramjet into a single

propulsion system that may efficiently operate from takeoff to high Mach number cruise. At the operating point considered,

corresponding to a flight Mach number of 2.0, an ejector serves to mix flow from the ramjet duct with flow from the turbine engine.

The combined flow then passes through a diffuser where it is mixed with hydrogen fuel and burned. Three sets of fully turbulent

Navier-Stokes calculations are compared with predictions from a cycle code developed specifically for the TBCC propulsion

system. A baseline ejector system is investigated first. The Navier-Stokes calculations indicate that the flow leaving the ejector

is not completely mixed, which may adversely affect the overall system performance. Two additional sets of calculations are

presented; one set that investigated a longer ejector region (to enhance mixing) and a second set which also utilized the longer

ejector but replaced the no-slip surfaces of the ejector with slip (inviscid) walls in order to resolve discrepancies with the cycle

code. The three sets of Navier-Stokes calculations and the TBCC cycle code predictions are compared to determine the validity

of each of the modeling approaches.
Author
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An advanced turbine engine fan blade containment system using ceramic tiles on a polymer fiber backing ring is proposed.

The proposed ceramic/polymer-fiber system has proven more weight effective than monolithic metallic or polymer materials for

stopping penetration of ballistic munitions projectiles. It was expected that this technology, originally developed for aircraft armor

systems, could decrease containment system weights while still providing the same degree of protection as existing systems. This

technology would allow for the design of higher thrust-to-weight engines and be used either for new designs or for retrofit
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applicationforexistingengines.Thisprogramconcludedthatceramiclinersdonotimprovetheperformanceof metalor
compositecontainmentstructuresforturbineengineuncontainmentwhenevaluatedintermsofcontainedenergypertraitweight.
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The Naval Air Warfare Center has conducted an analysis to define the characteristics of small civil turbine engine tmcontained

debris. The objective of the analysis was to define the debris size, weight, exit velocity, and trajectory that can be used to update

AC 20-128A. The effort was conducted by gathering historical data from uncontained engine failures. These data included, when

available, phase of flight, engine operating condition, the failed engine component, aircraft damage location, and damage size.

With this basic information, debris size was correlated to damage size. A methodology developed in the 'Large-Engine

Uncontalned Debris Analysis' report number DOT/FAA/AR-99/11 was used to estimate debris exit velocity. Representative

engine cases and cowls were defmed, and existing ballistic penetration equations were used to calculate exit velocity. This analysis

was conducted for disk and blade failures on fan, compressor and turbine components. Results of the analysis provided some

interesting insight into these events.
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Koiro, M. J., Allison Engine Co., USA; Myers, R. A., Allison Engine Co., USA; Delaney, R. A., Allison Engine Co., USA; May

1999; 96p; In English
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Report No.(s): NASA/CR-1999-206604; NAS 1.26:206604; E-11117; No Copyright; Avail: CASI; A05, Hardcopy; A01,
Microfiche

The primary objective of this study was the development of a Computational Fluid Dynamics (CFD) based turbomachinery

airfoil analysis and design system, controlled by a Graphical User Interface (GUI). The computer codes resulting from this effort

are referred to as TADS (Turbomachinery Analysis and Design System). This document is intended to serve as a User's Manual

for the computer programs which comprise the TADS system, developed under Task 18 of NASA Contract NAS3-27350, ADPAC

System Coupling to Blade Analysis & Design System GUI and Task 10 of NASA Contract NAS3-27394, ADPAC System

Coupling to Blade Analysis & Design System GUI, Phase II-Loss, Design and, Multi-stage Analysis. TADS couples a

throughflow solver (ADPAC) with a quasi-3D blade-to-blade solver (RVCQ3D) in an interactive package. Throughflow analysis

and design capability was developed in ADPAC through the addition of blade force and blockage terms to the governing equations.

A GUI was developed to simplify user input and automate the many tasks required to perform turbomachinery analysis and design.

The coupling of the various programs was done in such a way that alternative solvers or grid generators could be easily

incorporated into the TADS framework. Results of aerodynamic calculations using the TADS system are presented for a highly

loaded fan, a compressor stator, a low speed turbine blade and a transonic turbine vane.
Author

Turbomachinery ; User Manuals (Computer Programs); Computational Fluid Dynamics; Graphical User Interface; Computer

Programs; Design Analysis

1999_5_999 Allison Engine Co., Indianapolis, IN USA

TA_)S: A CFD:Based TurbomacMnery Analysis and Design System wi|:h GUI: Methods and Resu|J,s, 2_ F#u_l Report_ Feb,

1996 - Sepo 1998

Koiro, M. J., Allison Engine Co., USA; Myers, R. A., Allison Engine Co., USA; Delaney, R. A., Allison Engine Co., USA; May

1999; 160p; In English

Contract(s)/Grant(s): NAS3-27394; RTOP 538-03-11

Report No.(s): NASA/CR-1999-206603; E-11116; NAS 1.26:206603; No Copyright; Avail: CASI; A08, Hardcopy; A02,
Microfiche
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TheprimaryobjectiveofthisstudywasthedevelopmentofaComputationalFluidDynamics(CFD)basedturbomachinery
airfoilanalysisanddesignsystem,controlledbyaGraphicalUserInterface(GUI).Thecomputercodesresultingfromthiseffort
arereferredto asTADS(TurbomachineryAnalysisandDesignSystem).Thisdocumentis theFinalReportdescribingthe
theoreticalbasisandanalyticalresultsfromtheTADSsystemdevelopedunderTask10of NASA Contract NAS3-27394, ADPAC

System Coupling to Blade Analysis & Design System GUI, Phase 11-Loss, Design and. Multi-stage Analysis. TADS couples a

throughflow solver (ADPAC) with a quasi-3D blade-to-blade solver (RVCQ3D) or a 3-D solver with slip condition on the end

walls (B2BADPAC) in an interactive package. Throughflow analysis and design capability was developed in ADPAC through

the addition of blade force and blockage terms to the governing equations. A GUI was developed to simplify user input and
automate the many tasks required to perform turbomachinery analysis and design. The coupling of the various programs was done

in such a way that alternative solvers or grid generators could be easily incorporated into the TADS framework. Results of

aerodynamic calculations using the TADS system are presented for a multistage compressor, a multistage turbine, two highly

loaded fans, and several single stage compressor and turbine example cases.
Author

Computational Fluid Dynamics; Turbomachinery; Graphical User Interface; Systems Analysis; Airfoils; Design Analysis

i_999_52582 NASA Glenn Research Center, Cleveland, OH USA

A 'Fhree_Dime_si_nal Cow,pied [nternaL/Externa| Sim_lation _f a Fi_m-Coo_ed _hrbine Va_e

Heidmann, James D., NASA Glenn Research Center, USA; Rigby, David L., DYNACS Engineering Co., Inc., USA; Ameri, All

A., AYT Corp., USA; April 1999; 20p; In English; Gas Turbine and Aeroengine Congress, Exposition and Users' Symposium,

7-10 Jun. 1999, Indianapolis, IN, USA; Sponsored by American Society of Mechanical Engineers, USA
Contract(s)/Grant(s): NAS 3-98008; NAS 3-27571; RTOP 523-26-13

Report No.(s): NASA]TM-1999-209078; NAS 1.15:209078; E-11638; No Copyright; Avail: CASI; A03, Hardcopy; A01,
Microfiche

A three-dimensional Navier-Stokes simulation has been performed for a realistic film-cooled turbine vane using the

LeRC-HT code. The simulation includes the flow regions inside the coolant plena and film cooling holes in addition to the external

flow. The vane is the subject of an upcoming NASA Glenn Research Center experiment and has both circular cross-section and
shaped film cooling holes. This complex geometry is modeled using a multi-block grid which accurately discretizes the actual

vane geometry including shaped holes. The simulation matches operating conditions for the planned experiment and assumes

periodicity in the spanwise direction on the scale of one pitch of the film cooling hole pattern. Two computations were performed

for different isothermal wall temperatures, allowing independent determination of heat transfer coefficients and film effectiveness

values. The results indicate separate localized regions of high heat transfer coefficient values, while the shaped holes provide a

reduction in heat flux through both parameters. Hole exit data indicate rather simple skewed profiles for the round holes, but

complex profiles for the shaped holes with mass fluxes skewed strongly toward their leading edges.
Author

Three Dimensional Models; Turbines; Simulation; Navier-Stokes Equation; Vanes

_999_5263_ Advanced Structures Technology, Inc., Phoenix, AZ USA

A_ses_me_t of a_ Advanced Con_a_men_ System FinaIIC, epor¢

Presley, K. L.; Feb. 1999; 30p; In English

Report No.(s): PB99-143968; AST-R8008-1; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

The objective of this program was to evaluate the potential benefit of adding ceramic liners to turbine containment structures.

Military ballistic programs have shown that ceramics can alter the ballistic projectile and increase the effect of impact area to

provide significant benefit. Turbine engine failures generate slower moving, odd-shaped debris. This effort added ceramic liners

to metal and composite containment rings to evaluate the energy absorbed as a function of component weight.
NTIS

Containment; Turbines; Linings

£_999{}{_52939 Naval Air Warfare Center, Weapons Div., China Lake, CA USA

Smal]=Eng_e Unc_ta_ed _)ebr_s A_a]ysis Ffna! l_ep<_rt

Frankenberger, C. E., III; Feb. 1999; 18p; In English

Contract(s)/Grant(s): DTFA03-95-X-90019

Report No.(s): AD-A362579; DOT/FAA/AR-99/7; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Under Contract to the Federal Aviation Administration, the Naval Air Warfare Center has conducted an analysis to define

the characteristics of small civil turbine engine uncontained debris. The objective of the analysis was to define the debris size,
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weight,exitvelocity,andtrajectorythatcanbeusedtoupdateAC20-128A.Theeffortwasconductedbygatheringhistoricaldata
fromuncontainedenginefailures.Thesedataincluded,whenavailable,phaseofflight,engineoperatingcondition,thefailed
enginecomponent,aircraftdamagelocation,anddamagesize.Withthisbasicinformation,debrissizewascorrelatedtodamage
size.A methodologydevelopedinthe"Large-EngineUncontainedDebrisAnalysis"reportnumberDOT/FAA/AR-99/llwas
usedtoestimatedebrisexitvelocity.Representativeenginecasesandcowlsweredefined,andexistingballisticpenetration
equationswereusedtocalculatedebrisexitvelocity.Thisanalysiswasconductedfordiskandbladefailuresonfan,compressor
andturbinecomponents.Resultsof theanalysisprovidedsomeinterestinginsightto theseevents.Lookingatthedebris
trajectories,theanalysisshowsthatthetrajectoriesdefmedinAC20-128Aarecomparabletothoseseeninfieldevents.Alsothe
analysishighlightsthefactthatsmallenginesproducefeweruncontainedfragmentsthanlargeengines(1pereventversus11per
eventontheaverageforlargeengines).
DTIC
Engine Design; Debris; Trajectory Analysis; Aircraft Engines

_9_}52_43 General Electric Co., Aircraft Engines, Cincinnati, OH USA

Crack Gr(_wth-J_ased Predictive _'_ethod(_logy for the _,_ai_tenance (_f t_e Struct_ra! Integri|:y of Repaired and

N_mrepa[red Aging Engine S_a_mary C_mponents Final I¢,eport

Barton, M. L.; Apr. 1999; l12p; In English

Report No. (s): PB 99 - 147381; No Copyright; Avail: Issuing Activity (Natl Technic al Information Service (NTIS)), Microfiche
This report contains the description and results of work conducted by General Electric Aircraft Engines(GEAE) between

October 1994 and April 1997 under the Federal Aviation Administration (FAA) contract to study aging engine issues relative to

stationary components. GEAE's project in support of this goal was to study specific components, combustion castings, and

compressor rear frames in service on older GEAE engines to determine if periodic inspections are warranted and to develop the

tools necessary to conduct effective inspections should the data support a proactive need. A detail description of the planned work

scope along with results for that portion of the work that was completed are reported.
NTIS

Crack Propagation; Cracking (Fracturing); Structural Failure; Aircraft Engines; Engine Parts; Maintenance

i_999_53_}_5 NASA Glenn Research Center, Cleveland, OH USA

NASA Glen_ Research Ce_ter_ Hyper_c Pr¢_pu_sh_ Pr¢_g_am

Palac, Donald T., NASA Glenn Research Center, USA; May 1999; 10p; In English; Airbreathing Engines, 5-10 Sep. 1999,

Florence, Italy; Sponsored by American Inst. of Aeronautics and Astronautics, USA; Meeting sponsored by AAF and ATI

Contract(s)/Grant(s): RTOP 523-61-13

Report No.(s): NASAfl'M-1999-209185; E-11696; NAS 1.15:209185; No Copyright; Avail: CASI; A02, Hardcopy; A01,
Microfiche

NASA Glenn Research Center (GRC), as NASA's lead center for aeropropulsion, is responding to the challenge of reducing

the cost of space transportation through the integration of air-breathing propulsion into launch vehicles. Air- breathing launch

vehicle (ABLV) propulsion requires a marked departure from traditional propulsion applications, and stretches the technology

of both rocket and air-breathing propulsion. In addition, the demands of the space launch mission require an unprecedented level

of integration of propulsion and vehicle systems. GRC is responding with a program with rocket-based combined cycle (RBCC)

propulsion technology as its main focus. RBCC offers the potential for simplicity, robustness, and performance that may enable

low-cost single-stage-to-orbit (SSTO) transportation. Other technologies, notably turbine-based combined cycle (TBCC)

propulsion, offer benefits such as increased robustness and greater mission flexibility, and are being advanced, at a slower pace,

as part of GRC's program in hypersonics.
Author

Air Breathing Boosters; Air Breathing Engines; Launch Vehicles; Spacecraft Launching
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AIRCRAFT STABILITY AND CONTROL

Includes aircraft handling quafities; piloting; flight controls; and autopilots.

_9990047_7_ California Polytechnic State Univ., San Luis Obispo, CA USA

_1ulticrJ|:eria Gain _h_h_g for RoJ,orcraf|: FHghJ, Contro|s (a|so entiJ, led The Development of J,he Co_duit Advanced

C(m_rol System Des_g_ and Eva]ua_i(m I_erface with a Case S_udy App]ica_i(m Fly by W_re Helicopter Desig_Q Fb_al
Report, l Oct, [995 =30 Sep, 1997

Biezad, Daniel, California Polytechnic State Univ., USA; 1997; 101p; In English

Contract(s)/Grant(s): NAG2-1024; No Copyright; Avail: CASI; A06, Hardcopy; A02, Microfiche

Handling qualities analysis and control law design would seem to be naturally complimenting components of aircraft flight

control system design, however these two closely coupled disciplines are often not well integrated in practice. Handling qualities

engineers and control system engineers may work in separate groups within an aircraft company. Flight control system engineers

and handling quality specialists may come from different backgrounds and schooling and are often not aware of the other group's

research. Thus while the handling qualities specifications represent desired aircraft response characteristics, these are rarely

incorporated directly in the control system design process. Instead modem control system design techniques are based on

servo-loop robustness specifications, and simple representations of the desired control response. Comprehensive handling

qualities analysis is often left until the end of the design cycle and performed as a check of the completed design for satisfactory

performance. This can lead to costly redesign or less than satisfactory aircraft handling qualities when the flight testing phase is

reached. The desire to integrate the fields of handling qualities and flight,control systems led to the development of the CONDUIT

system. This tool facilitates control system designs that achieve desired handling quality requirements and servo-loop

specifications in a single design process. With CONDUIT, the control system engineer is now able to directly design and control

systems to meet the complete handling specifications. CONDUIT allows the designer to retain a preferred control law structure,

but then tunes the system parameters to meet the handling quality requirements.
Author

Control Systems Design; Design Analysis; Fly by Wire Control; Aircraft Control; Control Theory; Flight Control

i_9990_4_3_9 Colorado Univ., Dept. of Aerospace Engineering, Boulder, CO USA

Real Time Predictive Flutter Analysis a_d Co_thmous Parameter Iden|:i_cation of Accderafing Aircraf|: Final Repo_C

I Nov. 1997 =30 Sep, 1998

Farhat, Charles; Sep. 30, 1998; 8p; In English

Contract(s)/Grant(s): F49620-98-1-0112; AF Proj. 2304

Report No.(s): AD-A361695; AFRL-SR-BL-TR-99-0106; No Copyright; Avail: CASI; A02, Hardcopy; A01, Microfiche

This is a four-part final report on the research supported by the Air Force Office of Scientific Research Center under Grant

F49620-98-1-0112, Real Time Predictive Flutter Analysis and Continuous Parameter Identification of Accelerating Aircraft.

Flutter clearance, which is part of any new aircraft or fighter weapon system development, is a lengthy and tedious process from

both computational and flight testing viewpoints. An automated approach to flutter clearance that increases flight safety and

reduces flight hours requires as a stepping stone the development of a real time flutter prediction capability. Such a fast analysis

tool can be designed if the coupled fluid/structure aeroelastic system is represented by a simplified mathematical model that can

be quickly adapted to changes in flight atmospheric conditions, aircraft mass distribution (weapon systems), fuel loading, and

Mach number, and if the current parallel processing technology is exploited.
DTIC

Real Time Operation; Prediction Analysis Techniques; Flutter Analysis; Acceleration (Physics); Fighter Aircraft; Parameter

Identification

i_9990_5_914 NASA Dryden Flight Research Center, Edwards, CA USA

An ][ii-_nfinity Approach to Co_trol Syn|:hesis with Load _v1[h_imization for the V/A-I,_ Active Aeroelas|:ic Wing

Lind, Rick, NASA Dryden Flight Research Center, USA; CEAS/AIAA/ICASE/NASA Langley International Forum on

Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. l, pp. 23-32; In English; See also 19990050911; No Copyright;

Avail: CASI; A02, Hardcopy; A04, Microfiche

The F/A-18 Active Aeroelastic Wing research aircraft will demonstrate technologies related to aeroservoelastic effects such

as wing twist and load minimization. This program presents several challenges for control design that are often not considered

for traditional aircraft. This paper presents a control design based on H-infinity synthesis that simultaneously considers the
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multipleobjectivesassociatedwithhandlingqualities,actuatorlimitations,andloads.Apointdesignispresentedtodemonstrate
acontrollerandtheresultingclosed-loopproperties.
Author

Aeroservoelasticity ; Controllability; Feedback Control; H-Infinity Control; Wing Loading; Controllers

19998_}5_}917 Deutsche Forschungsanstalt fuer Luft- und Rattmfahrt, Inst. of Aeroelasticity, Goettingen, Germany

Simulatio_ of N(mli_ear Airfoil/C(mtroPSurface F|u_ter at Subsonic Speeds usi_g C_as_k'a_ Unsteady Aerodynamics a_d
an Euler Method

Schulze, Silvio, Deutsche Forschungsanstalt fuer Luft- und Ranmfahrt, Germany; CEAS/AIAA/ICASE/NASA Langley

International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 53-70; In English; See also

19990050911; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

A flutter simulation method for aeroelastic systems with discrete structural nonlinearities is presented and applied. The

computational approach is based on the coupling of the discretized fluid and structural equations which are solved in the time

domain. Embedded in an effective procedure to compute complete flutter boundaries (bifurcation diagrams), the method is

employed to investigate the flutter stability of an airfoil/control-surface system for hardening and softening stiffness

characteristics in the control mechanism. The aerodynamic forces are predicted under the assumption of subsonic inviscid flow

by the classical linear airfoil theory as a basis of comparison and by a Euler method. The typical flutter behavior of the system

is described and explained by comparing it with the flutter properties of a predefmed linear reference model. The results presented

here demonstrate the practicability of the method and provide a deeper insight into the nonlinear airfoil/control-surface flutter
mechanisms.

Author

Unsteady Aerodynamics; Aeroelasticity; Flutter; Mathematical Models; Control Surfaces; Aerodynamic Stability; Euler

Equations of Motion; Structural Analysis; Predictor-Corrector Methods; Finite Difference Time Domain Method

i_999_5_922 National Aerospace Lab., Structures Div., Tokyo, Japan

Wind 'l'unnel _sts a_d Analysis (m Flutter of Spaeecraf_ Including PiteI_i_g Effects in its Launehi_g Configurati(m

Kanda, Atsnshi, National Aerospace Lab., Japan; Ueda, Tetsuhiko, National Aerospace Lab., Japan; CEAS/AIAA/ICASE/NASA

Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 115-120; In English; See also

19990050911; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

A project of experimental reentry winged space vehicle "HOPE-X" is proceeding in Japan. An elastically supported pitching

mode may be involved in the dynamic characteristics of this vehicle since it is attached to the H-II rocket in the launching

configuration. It is of importance to take these kind of modes into consideration for flutter analysis because the flutter affected

with this mode can be critical at the launching phase. A sting support system with controllable pitching rigidity was innovated

and tested in a transonic wind tunnel. As the result, the flutter related to the pitching mode was observed. This type of flutter was

also confirmed in the analysis using DPM (Doublet Point Method). Further, it was found that a different type of flutter occurred

in anti-symmetric mode at relatively low dynamic pressure.
Author

Wind Tunnel Tests; Flutter Analysis; Dynamic Characteristics; Launch Vehicle Configurations; Vibration Tests; Pitch
(Inclination); Transonic Flutter

1999_{_5{_923 NASA Langley Research Center, Hampton, VA USA

Aer(_e|astic 'l'ai_(_ring _r Stability Augme_tati(m and Performance Enha_eeme_ts of Tiltro_or Aireraf_

Nixon, Mark W., Army Vehicle Technology Center, USA; Piatak, David J., NASA Langley Research Center, USA; Corso,

Lawrence M., Bell Helicopter Co., USA; Popelka, David A., Bell Helicopter Co., USA; CEAS/AIAA/ICASE/NASA Langley

International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 121-138; In English; See also

19990050911; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

The requirements for increased speed and productivity for tiltrotors has spawned several investigations associated with

proprotor aeroelastic stability augmentation and aerodynamic performance enhancements. Included among these investigations

is a focus on passive aeroelastic tailoring concepts which exploit the anisotropic capabilities of fiber composite materials.

Researchers at Langley Research Center and Bell Helicopter have devoted considerable effort to assess the potential for using

these materials to obtain aeroelastic responses which are beneficial to the important stability and performance considerations of

tiltrotors. Both experimental and analytical studies have been completed to examine aeroelastic tailoring concepts for the tiltrotor,
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appliedeithertothewingortotherotorblades.Thispaperreviewssomeoftheresultsobtainedintheseaeroelastictailoring
investigationsanddiscussestherelativemeritsassociatedwiththeseapproaches.
Author

Tilt Rotor Aircraft; Aeroelasticity ; Stability Augmentation; Aerodynamic Characteristics; Rotor Aerodynamics

i_999_5_925 Politecnico di Milano, Dept. of Aerospace Engineering, Milan, Italy

M_l_i:B(_dy Analysis of an Active Co_r(fl for a Til_rotor

Ghiringhelli, G. L., Politecnico di Milano, Italy; Masarati, E, Politecnico di Milano, Italy; Mantegazza, E, Politecnico di Milano,

Italy; Nixon, M. W., Army Research Lab., USA; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and

Structural Dynamics 1999; June 1999, Pt. 1, pp. 149-158; In English; See also 19990050911; No Copyright; Avail: CASI; A02,

Hardcopy; A04, Microfiche

The design of advanced rotorcrafls requires the ability to analyse sophisticated, interdisciplinary systems to a degree of

refinement that only recently has become achievable at a low price, thanks to the improvements in computer power. Multi-body

analysis allows the detailed modeling of the kinematics as well as of the structural properties of rather sophisticated mechanical

systems, such as helicopter rotors. When integrated with aeroservoelastic analysis, it represents a powerful tool for both the

analysis and the design of aircraft, with particular regard to rotorcrafts. An original multi-body formulation is presented, based

on the direct writing of a system of differential-algebraic equations (DALE) that describe the equilibrium and the kinematic

constraints of a structural system. The finite rotations, during the time-step integration of the initial value problem, are handled

in an efficient manner by means of a technique called "Updated-Updated Rotations", an Updated Lagrangian approach that uses

as reference the predicted configuration of the system. This allows to neglect the rotation perturbations in the computation of the

Jacobian matrix with considerable computational savings, while preserving the accuracy by consistently computing the residual.

Control equations and the related unknowns are added, to model the control system to the desired level of refinement, from

idealised control input/output signals, to each servosystem component. The numerical analysis of a tiltrotor configuration is

proposed, based on an analytical model of the WRATS wind tunnel model. This is a 1/5 scale model of the V-22 tiltrotor aircraft,

currently tested in the Transonic Dynamic Tunnel (TDT) at NASA Langley. The control strategy is based on the Generalized

Predictive Control (GPC) technique, with a Recursive Least Mean Squares (RLMS) on-line identification of an equivalent discrete
linear system, that is used to design the adaptive controller. The rotor pitch controls are used as actuators. Different combinations

of strain gages and accelerometers are used as sensor devices.
Author

Active Control; Tilt Rotor Aircraft; Kinematics; Servomechanisms; Aeroservoelasticity; Adaptive Control; Mathematical

Models; Recursive Functions

_9_(_}5_}_27 Old Dominion Univ., Dept. of Aerospace Engineering, Norfolk, VA USA

Review _f No_|inear Panel Flutter at S_perso_ic and Hyper,_nJc Speeds

Mei, Chuh, Old Dominion Univ., USA; Abdel-Motagaiy, K., Old Dominion Univ., USA; Chen, R., Old Dominion Univ., USA;

CEAS/AIAA/ICASE/NASA Langley Intemationai Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp.

171-188; In English; See also 19990050911; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

A review of various anaiyticai methods and experimental results of supersonic and hypersonic panel flutter is presented. The

analytical methods are categorized into two main methods. The first category is the classical methods, which include Galerkin

in conjunction with numerical integration, harmonic balance and perturbation methods. The second category is the finite element

methods in either the frequency domain (eigen solution) or the time domain (numerical integration). A review of the experimental

literature is given. The effects of different parameters on the flutter behavior are described. The parameters considered include

inplane forces, thermal loading, flow direction, and initial curvature. Active control of composite panels at supersonic speeds and

elevated temperatures is also presented.
Author

Panel Flutter; Nonlinearity; Supersonic Speed; Hypersonic Speed; Aeroelasticity ; Supersonic Flutter; Temperature Effects

i_999_5_932 Office National d'Etudes et de Recherches Aerospatiales, Paris, France

A _ Unsteady Aerody _amics Iden t_ficat_on P_(_cedure fo_" Fh_t_er Prediction

Prudhomme, S., Office National d'Etudes et de Recherches Aerospatiales, France; Blondean, C., Office National d'Etudes et de

Recherches Aerospatiales, France; Humbert, M., Aerospatiaie, France; Bucharles, A., Office National d'Etudes et de Recherches

Aerospatiales, France; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics

1999; June 1999, Pt. 1, pp. 235-244; In English; See also 19990050911; No Copyright; Avail: CASI; A02, Hardcopy; A04,
Microfiche
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Thisarticleintroducesanidentificationprocedurefromflight-data,intheperspectiveofquasirealtimeflutterprediction
modelsupgrading.Parametersareintroducedtomodeltmcertaintiesontheunsteadyaerodynamics.Whiletestsareperformed
forincreasingvelocity,identificationalgorithmsuseflightdatatoupdatetheparametersandmakeflutterpredictionmoreaccurate
for investigationtowardshighervelocity.Performanceof identificationis evaluatedin termsof accuracyfor unsteady
aerodynamicsestimation,andofflutterpredictioncapability,withandwithoutturbulence.
Author
Flutter Analysis; Prediction Analysis Techniques; Unsteady Aerodynamics; Mathematical Models; Parameter Identification

19990{_5{_933 Alberta Univ., Dept. of Mathematical Sciences, Edmonton, Alberta Canada

Pararae|:er Estima|hm Jn F_utter Analysis by Wavelet and Neutral Network

Wong, Y. S., Alberta Univ., Canada; Lee, B. H. K., Institute for Aerospace Research, Canada; Wong, T. K. S., Alberta Univ.,

Canada; CEAS/AIAA/ICASE/NASA Langley Iutemational Forum on Aeroelasticity and Structural Dynamics 1999; June 1999,

Pt. 1, pp. 245-254; In English; See also 19990050911; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

Despite rapid advances in the development of computational aerodynamics and wind tunnel testing techniques, flight tests

are still required to determine flutter bonndaries of aircraft. Normally, modal frequencies and damping values are measured, but

these quantities can be difficult to determine accurately when noise is present or when modal frequencies are close to each other.

Various methods have been considered for parameter estimation in flutter tests, and these include curve fitting based on non-linear

least squares, maximum likelihood estimation, Kahnan filters and filter error method, to name but a few. Some of these techniques

require considerable amonnt of computations, and hence real time evaluation of frequency and damping values may require

efficient algorithms. Wavelet theory for signal processing has made great progress in recent years. Also, artificial neural networks

capable of modeling complex characteristics in nonlinear systems have contributed to the development of more advanced methods

in analyzing aeroelastic response signals. Unlike conventional methods, these approaches do not require explicit mathematical

manipulations. Furthermore, the required parameters can be estimated in real time once the neural network has been properly

trained, to achieve optimal computational efficiency, the required parameters can be determined by a group of neural networks

using a parallel algorithm. This study is an extension of the approach suggested by Lee and Wong where only one neural network

was used to analyze a one-degree-of-freedom time signal represented by an exponentially decaying sine wave corrupted with
noise.

Derived from text

Parameter Identification; Aeroelasticity ; Flutter Analysis; Wavelet Analysis; Neural Nets; Mathematical Models

19990{_5{_934 Manchester Univ., Manchester School of Engineering, UK

Flutter Speed Predic|hm During F|ight Flut|:er Tes|:ing Using Neural Networks

Cooper, J. E., Manchester Univ., UK; Crowther, W. J., Manchester Univ., UK; CEAS/AIAA/ICASE/NASA Langley International

Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 255-264; In English; See also 19990050911; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

Flight flutter testing is a crucial part in the certification of a prototype aircraft. The flight envelope must be expanded safely,

however, there is always the pressure to complete the tests as quickly as possible. Although there will be an aeroelastic model of

the system for comparison, the decision to proceed to the next test point is usually based upon the modal parameters estimated

from the flutter test data. A number of different methods have been proposed to determine the speed at which flutter occurs,

however, the most commonly used approach is simply to extrapolate the estimated damping ratios. In this paper, a method for the

prediction of flutter speed from flutter test data is proposed based upon the use of Neural Networks. The method is demonstrated

upon a simulated aeroelastic model.
Author

Flutter Analysis; Prediction Analysis Techniques; Neural Nets; Aeroelasticity; Dynamic Response; Flight Tests

1999{}{}5{}935 Northwestern Polytechnical Univ., Data Processing Center, Xian, China

()verview of Receipt Fh_ttev Boundary Prediction "l[k_,cI_iques Based o_ 'I'es_ing Data Analysis

Chengming, Pei, Northwestern Polytechnical Univ., China; Zhihua, Qiu, Northwestern Polytechnical Univ., China; Kun, Zhal,

Northwestern Polytechnical Univ., China; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and

Structural Dynamics 1999; June 1999, Pt. 1, pp. 265-274; In English; See also 19990050911; Sponsored in part by the K. C. Wong

Education Fonndation, Hong Kong, Chengdu Aircraft Industry Corp., and Xi'an Aircraft Industry Corp.; No Copyright; Avail:
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FBP (Flutter Boundary Prediction) due to subcritical signal analysis is becoming a significant research subject in the field

of flutter testing. In this paper, traditional modal damping and modem system stability analysis are reviewed. The principle and
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specificsofthemethodsarealsobrieflydiscussed.Especially,anewhybridpredictionmethodbasedonNNES(NeuralNetwork
ExpertSystem)isproposedandintegratedintocurrentFBPtechniquesandhumanexperiencesfromexperts.
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Active flutter suppression of a two dimensional wing section in subsonic flow is studied. Pitch and plunge dynamics,

combined with a trailing-edge control surface is considered. Aerodynamic loads are expressed in time-domain using Roger's

approximation. Augmented aerodynamic states are reconstructed using a Kalman filter, and linear optimal control is used to

design a full-state feedback regulator for flutter suppression. Constraints on actuator deflection and rate limit the flutter envelope

expansion. A new two-pronged approach to developing aeroelastic and aeroservoelastic scaling laws is presented and applied to

a typical example. Flutter suppression for a typical cross-section with a conventional trailing edge control surface is compared

with that obtained with piezoelectric actuation utilizing bend/twist coupling on a finite span composite wing. Power consumption

and its scaling for these two cases is compared.
Author
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Lecce, L., Naples Univ., Italy; Selvaggi, E., Naples Univ., Italy; Nicolosi, F., Naples Univ., Italy; Baruffo, M., Naples Univ., Italy;

Abate, A., Naples Univ., Italy; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural

Dynamics 1999; June 1999, Pt. 1, pp. 311-324; In English; See also 19990050911; No Copyright; Avail: CASI; A03, Hardcopy;
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In this paper experimental activities on stall flutter phenomenon will be presented. Tests have been performed in the low speed

wind tunnel at the Department of Aeronautical Engineering (DPA) of the University of Naples on a model using a typical single

deck box girder bridge section. In the first part of the work, the stall flutter has been controlled using a leading edge (1.e.) movable

surface (tab) deflecting downward. Application of a new active control system has been performed using the previous movable

surface. The stall flutter in dynamic conditions has been controlled using an active system which automatically changes the tab

position (from 0 to 10 deg) and is able to suppress the stall phenomenon. The control system consists of a mixed digital-analogue

feedback circuit with an accelerometer as error sensor and two electromagnetic actuators to control the tab rotation. In the second

part a new approach has been tested. The new methodology consists of a rotating cylinder placed at the section leading edge.

Through the cylinder rotation it is possible to change the section aerodynamic behaviour and then to increase stall flutter critical

speed up to 60% at certain angles of attack.
Author
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The benchmark active controls technology and wind tunnel test program at NASA Langley Research Center was started with

the objective to investigate the nonlinear, nnsteady aerodynamics and active flutter suppression of wings in transonic flow. The

paper will present the flutter suppression control law design process, numerical nonlinear simulation and wind tunnel test results

for the NACA 0012 benchmark active control wing model. The flutter suppression control law design processes using (1)

classical, (2) linear quadratic Gaussian (LQG), and (3) minimax techniques are described. A unified general formulation and

solution for the LQG and minimax approaches, based on the steady state differential game theory is presented. Design

considerations for improving the control law robustness and digital implementation are outlined. It was shown that simple control

laws when properly designed based on physical principles, can suppress flutter with limited control power even in the presence
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oftransonicshocksandflowseparation.Inwindtunneltestsinairandheavygasmedium,theclosed-loopflutterdynamicpressure
wasincreasedtothetunnelupperlimitof200psfThecontrollawrobustnessandperformancepredictionswereverifiedinhighly
nonlinearflowconditions,gainandphaseperturbations,andspoilerdeployment.Anon-designplnngeinstabilityconditionwas
alsosuccessfullysuppressed.
Author
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Wavelets present a method for signal processing that may be useful for analyzing responses of dynamical systems. This paper

describes several wavelet-based tools that have been developed to improve the efficiency of flight flutter testing. One of the tools
uses correlation filtering to identify properties of several modes throughout a flight test for envelope expansion. Another tool uses

features in time-frequency representations of responses to characterize nonlinearities in the system dynamics. A third tool uses

modulus and phase information from a wavelet transform to estimate modal parameters that can be used to update a linear model

and reduce conservatism in robust stability margins.
Author
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By utilizing a damping perturbation method the present g-method includes a first order damping term in the flutter equation

that is rigorously derived from the Laplace-domain aerodynamics. The g-method generalizes the K-method and the P-K method

for reliable damping prediction. It is valid in the entire reduced frequency domain and up to the first order of damping. The present

work also provides a theoretical foundation for the g-method that can be used to estimate the truncation error for large values of

damping. The solution algorithm of the g-method is proven to be robust and can obtain an unlimited number of aerodynamic lag

roots; as demonstrated by the results of the selected test cases.
Author
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This report details the development and use of CONDUIT (Control Designer's Unitied Interface). CONDUIT is a design tool

created at Ames Research Center for the purpose of evaluating and optimizing aircraft control systems against handling qualities.

Three detailed design problems addressing the RASCAL UH-60A Black Hawk are included in this report to show the application

of CONDUIT to helicopter control system design.
Author

Aircraft Control; Control Systems Design; Design Analysis; Computer Programs
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Flutterstabilityofmovablecontrolsurfacesforaircraftstoresisarathercomplextopicbecausealargevarietyofdifferent
storesystemconditions,aircraftconfigurations,storetoaircraftfunctionalconditions,aircraftmaneuverandenvironmental
conditionshavetobecoveredbyanalysisaswellasbygroundandflighttests.Forthispurpose,themostcriticalormostsensitive
flutterparametersof thestoresmustbeknownandcoveredbyanalysisandtests.Forstoreswithonlyfixedaerodynamic
stabilizers,theverificationoftheirflutterstabilityisusuallyquitesimplebecausethesesurfacesaresmallandstiff.Forthem,it
isusuallysufficienttoincludeonlytheirmasspropertiesandattachmentstiffnessesintheaircraftflutteranalysis,wherethestore
isconsideredonlybyitsrigidbodymotions.Onlyinsomecasesit is requiredtoincludealsoeffectsfromrigidaerodynamic
surfacesonthestore.Butassoonasasurfaceisusedtoprovidecontrolforces,itusuallyneedstobelargerandthusgetsalsomore
flexible.Additionalflexibilityisaddedbythedrivesystem,and,insomecasesbyafreefloatingattachmentmodeforcaptive
flightconditions.Detailedflutterinvestigationsforthestoreitselfareusuallyperformedbythestoremanufacturer.Onthisside
however,possibleimpactsfromthedifferenttypesofaircraftarenotknownandcouldalsonotbecoveredintheirmultitudeduring
thedevelopmentofanewstore.Forexample,theaerodynamicflowfieldin thevicinityoftheaircraft,especiallyunderthe
fuselage,canbecompletelydifferentfromfreeflightconditions.Thispaperexplainshowtohandletheseaspectsanddepicts
majoradvantagesanddrawbacksof thestateoftheartanalysisandtestingtechniques.Thedifferentspecificationsforthe
developmentandcertificationsofaircraftandstoresarealsoaddressedbriefly.Finallyanapproachwillbedescribedhowthe
flutterstabilityofcontrolsurfacescanbeenhancedbymeansofformalmathematicaloptimizationmethods.
Author
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In this paper we consider an aeroelastic section with cubic free-play nonlinearities, approximating Wagner's function in the

expression of aerodynamic forces with exponentials in the time domain. The mathematical model is then recast in the standard

first order ordinary differential form, with x the global state-space vector, to which nonlinear analysis tools apply. An extensive

numerical study has been performed to show the dependence of Hopf bifurcation characteristics from the structural and geometric

properties of the wing section. Bifurcation and frequency vs. dynamic pressure plots are presented. In such cases the onset of flutter

might happen before the linear flutter speed for certain initial conditions.
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Active Constrained Layer Damping (ACLD) treatment has been used successfully for controlling the vibration of various

flexible structures. The treatment provides an effective means for augmenting the simplicity and reliability of passive damping

with the low weight and high efficiency of active controls to attain high damping characteristics over broad frequency bands. In

this study, a self-sensing configuration of the ACLD treatment is utilized to simultaneously suppress the bending and torsional

vibrations of plates and flutter control of a plate-wing structure. The treatment considered ensures collocation of the

sensor/actuator pairs in order to guarantee stable operation. First part of this study, a three-layer network of the Self-sensing Active

Constrained Layer Damping (SACLD) treatment is used to control multi-modes of vibration of a flexible aluminum plate (0.264m

x 0.127m x 4.826E-4m ) which is mounted in a cantilevered arrangement. Two ACLD patches (0.264m x 0.0635m) with

self-sensing polyvinylidine fluoride (PVDF) actuators oriented by (14 deg/-14 deg) configuration are treated on one side of plate.

The theoretical characteristics of the multi-layer treatment are presented in this paper and compared with the experimental

performance. Secondly, the concept of vibration control using SACLD/plate is implemented to perform the flutter suppression
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experimentally.TheexperimentaldemonstrationoffluttercontroloftheSACLD/plate-wingstructureisperformedinthe Low

Speed wind Tunnel (LST) at Aerospace Department at ODU. Simple linear control with self-sensing strain and strain rate feedback

is utilized to study the performance of the SACLD/plate in flutter control.
Author
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Characteristics; Rectangular Plates
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Several analytical and experimental studies clearly demonstrate that piezoelectric materials (piezoelectrics) can be used as

actuators to actively control vibratory response, including aeroelastic response. However, two important issues in using

piezoelectrics as actuators for active control are: 1) the potentially large amount of power required to operate the actuators, and

2) the complexities involved with active control (added hardware, control law design, and implementation). Active or passive

damping augmentation using shunted piezoelectrics may provide a viable alternative. This approach requires only simple

electrical circuitry and very little or no electrical power. The current study examines the feasibility of using shunted piezoelectrics

to reduce aeroelastic response using a typical-section representation of a wing and piezoelectrics shunted with a parallel resistor

and inductor. The aeroelastic analysis shows that shunted piezoelectrics can effectively reduce aeroelastic response below flutter

and may provide a simple, low-power method of subcritical aeroelastic control.
Author
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The saturation absorber is an application of the saturation phenomenon as a vibration suppression device. The saturation

phenomenon occurs in autoparametric, multi-degree-of- freedom systems, if the natural frequencies of the absorbers and the

plants are commensurable (omega(sub p) = 2(omega(sub c)),3(omega(sub c)),...), to control the vibratory response of a plant with

a single degree of freedom, a second-order absorber is introduced and coupled to the plant with quadratically nonlinear terms.

When the plant is forced at its resonant frequency and the magnitude of the response reaches its saturation level, the nonlinear

coupling forms an energy bridge between the plant and the absorber. The objective of the research described in this paper is to

quantify the performance of the saturation control (response, the required control authority, robustness to the plant parameter

variation), as compared with the performance of classical controllers, such as velocity feedback, and nonlinear controllers like

the Fuzzy Logic Controller (FLC). This comparison will serve to identify the advantages and the disadvantages of saturation

control, especially regarding the control authority required to suppress the response of a vibrating system. In addition, a parametric

study of the nonlinear coupling parameters will result in guidelines for obtaining the desired absorber performance is also given.
Derived from text
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A new approach of the transient flow conditions (simultaneous transitory behaviour of thermal load and fluid velocity) is

proposed in the nonlinear panel flutter analysis. Applying proper aeroelastic theories (yon Karman elasticity, piston aerodynamic

theory) and fatigue life estimation (Heywood's approach) the results confirm differences in failure prediction compared with the

classical approach (case of constant flow and kinetic heating parameters). This study demonstrates the sensitivity of the

aerothermoelastic system to the transitory hypersonic flow conditions: the pattern of the motion changes in amplitude even when
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modifying the increasing slope of the thermal and flow parameters that govern the motion, but maintaining the same steady state

values. The panel behaves like a chaotic system and needs to be carefully investigated for a reliable design.
Author
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An airfoil in supersonic flow, having deformable nonlinear supports, is an aeroelastic system for which various types of

instability, bifurcations and regular or chaotic motions can appear. The airfoil has three degrees of freedom - that is, plunge

displacement, angle of pitch and angle of flap deflection. The stiffness force and moments for all those motions are assumed to

be nonlinear ones. The airfoil is subjected to the pressure difference produced by its motion in supersonic flow. Stability and

bifurcations occurring in the system, limit cycles of self-excited vibrations and regions of regular or chaotic motions have been

investigated. The effect of some parameters of the system on the course of linear and nonlinear vibrations has been studied.
Author
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Buffeting is an aeroelastic phenomenon occurring at high angles of attack that plagues high performance aircraft, especially

those with twin vertical tails. Previous wind-tmmel and flight tests were conducted to characterize the buffet loads on the vertical

tails by measuring surface pressures, bending moments, and accelerations. Following these tests, buffeting responses were

computed using the measured buffet pressures and compared to the measured buffeting responses. The calculated results did not

match the measured data because the assumed spatial correlation of the buffet pressures was not correct. A better understanding

of the partial (spatial) correlation of the differential buffet pressures on the tail was necessary to improve the buffeting predictions.

Several wind-tmmel investigations were conducted for this purpose. When compared, the results of these tests show that the partial

correlation scales with flight conditions. One of the remaining questions is whether the wind-tunnel data is consistent with flight

data. Presented herein, cross-spectra and coherence functions calculated from pressures that were measured on the High Alpha

Research Vehicle indicate that the partial correlation of the buffet pressures in flight agrees with the partial correlation observed
in the wind tunnel.
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The current paper presents a state-of-the-art approach for performing efficient multi-disciplinary simulations. A

Multi-Disciplinary Computing Environment (MDICE) is presented and validated with a twin-tail buffet simulation of a generic

fighter aircraft. MDICE is an object-oriented computing environment which allows several analysis modules to run and

communicate with each other over a distributed network of computers. In a buffet condition, the leading edge vortices of a delta

wing break down producing an unsteady turbulent flow which empeunages on the surfaces of the tails, causing severe premature

structural fatigue. The application of MDICE to the twin-tail buffet problem involves four types of modular functionality: a
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fluid-dynamicsmodule,afluid-structureinterfacingtechnique,astructuraldynamicsmodule,andgridmotiontechnique.The
configurationmodelispitchedatawiderangeof anglesofattackatMachandReynoldsnumbersof 0.4and1.25million,
respectively.Thecomputationalresultsareinverygoodagreementwiththeexperimentaldata.
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Adaptive active flow control for twin-tall buffet alleviation is investigated. The concept behind this technique is to place

control ports on the tall outer and inner surfaces with flow suction or blowing applied through these ports in order to minimize

the pressure difference across the tall. The suction or blowing volume flow rate from each port is proportional to the pressure

difference across the tall at this location. A parametric study of the effects of the number and location of these ports on the buffet

response is carried out. The computational model consists of a sharp-edged delta wing of aspect ratio one and swept-back flexible

twin tall with taper ratio of 0.23. This complex multidisciplinary problem is solved sequentially using three sets of equations for

the fluid flow, aeroelastic response and grid deformation, using a dynamic multi-block grid structure. The computational model

is pitched at 30 deg angle of attack. The freestream Mach number and Reynolds number are 0.3 and 1.25 million, respectively.

The model is investigated for the inboard position of the twin tails, which corresponds to a separation distance between the twin

tails of 33% of the wing span. Comparison of the time history and power spectral density responses of the tails for various

distributions of the control ports are presented and discussed.
Author

Adaptive Control; Aeroelasticity; Buffeting; Flow Velocity; Tail Surfaces; Active Control; Delta Wings; Fluid Flow; Vortex
Breakdown; Multiblock Grids

i_9_{}_527_ Virginia Polytechnic Inst. and State Univ., Blacksburg, VA USA

Sy_e_'g_s_c I_te_act_n _" Aeroelas_c "_'ai_o_'_g and Bo_da_y _'l_men_ C_mtrol on A_rcra_'_ Wing Flutter

Gem, Frank H., Virginia Polytechnic Inst. and State Univ., USA; Librescu, Liviu, Virginia Polytechnic Inst. and State Univ., USA;

CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp.

719-734; In English; See also 19990052675; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

The implications of active feedback control and aeroelastic tailoring on the flutter instability of straight/swept aircraft wings

carrying external stores are discussed. The stabilizing feedback control is generated by a bending moment acting at the wing tip.

Relating this bending moment with adequately selected kinematic response quantities, a complex eigenvalue problem is obtained.

Its solution yields the closed-loop flutter speed and frequency of flutter. The beneficial interaction of active feedback control in

conjunction with aeroelastic tailoring upon the flutter boundary of aircraft wings made-up from advanced composite materials

is emphasized. In addition, the prospects of an extension of the operational envelope of flight vehicles carrying external stores

without weight penalties are revealed.
Author

Active Control; Aeroelasticity; Bending Moments; Feedback Control; Flutter; Rectangular Wings; Wing Oscillations;

Mathematical Models; Computerized Simulation; Wing Tips; Optimization

i19_9_52752 Washington Univ., Dept. of Aeronautics and Astronautics, Seattle, WA USA

Pa_e| Fh_ttev C(_ns_ra_ts: A_alyt_c Sensitivities a_d Approximations Including Pla_wm Shape Design Variables

Livne, Eli, Washington Univ., USA; Minean, David, Washington Univ., USA; Journal of Aircraft; August 1997; Volume 34, No.

4, pp. 558-568; In English

Contract(s)/Grant(s): NAG2-723; Copyright; Avail: Issuing Activity, Hardcopy, Microfiche

Analytical sensitivities of panel flutter constraints with respect to panel shape as well as thickness and material properties

are derived and numerically tested. Cases of fixed in-plane loads and cases in which in-plane loads are variable (depending on

panel and overall wing shape as well as material and sizing design variables) are considered. Accuracy of approximations and
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rangeofmovelimitsrequiredarestudiedinpreparationforintegrationwithnonlinearprogramming/approximationconcept
aeroelasticdesignsynthesismethodology.
Author
Aeroelasticity ; Nonlinear Programming; P lanforms ; Panel Flutter; Design Analysis

i_999_}_5315,4 Office National d'Etudes et de Recherches Aerospatiales, Dept. Commande des Syst mes et Dynamique, Toulouse,
France

PRo_ing o_"a VTOL:_JAV t(_ Shipboard Recovery

Reboulet, C., Office National d'Etudes et de Recherches Aerospatiales, France; Mouyon, R, Office National d'Etudes et de

Recherches Aerospatiales, France; deFerrier, Bernard, Bombardier Services Corp., USA; Langlois, Bernard, Bombardier, Inc.,

Canada; Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp. 11-1 - 11-6; In

English; See also 19990053143; Copyright Waived; Avail: CASI; A02, Hardcopy; A03, Microfiche

A system of guidance and control ensuring the safe recovery of a VTOL type unmanned air vehicle is described. The key ideas

of the proposed approach are the estimation of the velocity/position with respect to the ship in a quasi-inertial coordinate frame

and the guidance/control of the air vehicle to a virtual target (predicted position of the landing grid). The advantage of this guidance

and control approach is the complete decoupling of the UAV from ship motions. The various methods used in each module of the

whole recovery system are presented, including: tracking, filtering, and landing deck position prediction. Model performances

based on test results are discussed. Strategy chosen in the development of the whole automated recovery system is described.

Finally, an assessment of the proposed concept obtained by simulation is provided. These results show that this approach is more

robust than conventional motion sensitive techniques. The system promises to dramatically increase UAV operational limits and

recovery efficiency. This activity is sponsored by the Delegation Generale de l'Armement (DGA France) and was accomplished

with the framework of a Franco- Canadian collaborative project between ONERA-DCSD and Bombardier, Inc (Canadair).
Author

Pilotless Aircraft; Remotely Piloted Vehicles; Vertical Takeoff Aircrafi; Vatol Aircraft; Autonomous Nm, igation; Automatic Flight

Control; Aircraft Control

1999_}53_ 57 Delegation Generale de l'Armement, Surface Ship Dept., Paris, France

Heal Compensatio_ f(_r _he Char_es de Gaulle Aircraft Carrier: Pri_eip_es and C(m_rol Str_eture

Kummer, S., Delegation Generale de l'Armement, France; Hardier, G., Office National d'Etudes et de Recherches Aerospatiales,

France; Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp. 14-1 - 14-10; In

English; See also 19990053143; Copyright Waived; Avail: CASI; A02, Hardcopy; A03, Microfiche

To improve the sea keeping performances of the french nuclear aircraft carrier Charles de Gaulle, with respect to its

predecessors Clemenceau and Foch, DCN has developed a platform motion control system, called SATRAP, which reduced the

ship motions while ensuring navigation capability. This system involves a centralized computer which controls three subsystems:

two pairs of stabilizing fins, a set of rudders and a moving-mass system (athwart ship) for heel compensation, the Cogite system.

Originally conceived for situations where the stabilizing fins would be otherwise saturated (steady heel from wind or heavy

weights displacements). Cogite has evolved into a system which also improves the operational capability of the ship by limiting

the heel during sharp turns, permitting non-stop handling and preparation of aircrafts. This paper presents the results of the studies

which led to the development of a performing mode of operation for SATRAP, where the helmsman has full control of the rudders

while the fins and Cogite system automatically reduce the ship motions. The following points are discussed in this paper:

operational requirements in terms of performances, SATRAP system architecture and principles chosen for the control laws (task
allocation for the actuators, feedforward-feedback controllers).
Author

Aircraft Carriers; Control Theory; Control Systems Design; Feedback Control; Feedforward Control; Stabilization

1999{_{}53_ 63 Academy of Sciences of the Ukraine, Inst. of Hydromechanics, Kiev, Ukraine

Lo_gRudina_ Stability (_f Ekran_pla_s a_d Hydr(_i_ Ships

Korolyov, V. I., Academy of Sciences of the Ukraine, Ukraine; Fluid Dynamics Problems of Vehicles Operating Near or in the

Air-Sea Interface; February 1999, pp. 20-1 - 20-8; In English; See also 19990053143; Copyright Waived; Avail: CASI; A02,

Hardcopy; A03, Microfiche

Longitudinal stability of ekranoplans and hydrofoil ships, that have two carrying hydrofoils separated by some distance along

the length of hull, "tandem" system, is considered in the paper. Longitudinal stability is characterized by the value of metacentric

height, which is used in the practice of ship-building. An expression is given for the definition of this value depending on the main

geometric and aerodynamic parameters. A link is determined between the metacentric height and frequency of the free angular
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movements of ekranoplans. A parameter investigation is fulfilled and recommendations are obtained for the choice of

combinations of the carrying system basic elements.
Author

Hydrofoils; Hydrofoil Craft; Hydroplanes (Vehicles); Longitudinal Stability; Hydrodynamics

1999(_{}5334g NASA Dryden Flight Research Center, Edwards, CA USA

An H-i_fi_fity Approacl_ J,o Control S?/nthesis with Load Mi_fimizatk_n l_r Jl_e F/A:18 Active Aereelastic Wi_g

Lind, Rick, NASA Dryden Flight Research Center, USA; 1999; In English; Copyright; Avail: Issuing Activity, Hardcopy,
Microfiche

The F/A- 18 Active Aeroelastic Wing research aircraft will demonstrate technologies related to aeroservoelastic effects such

as wing twist and load minimization. This program presents several challenges for control design that are often not considered

for traditional aircraft. This paper presents a control design based on H(sub infinity) synthesis that simultaneously considers the

multiple objectives associated with handling qualities, actuator limitations, and loads. A point design is presented to demonstrate

a controller and the resulting closed-loop properties.
Author

Aeroelasticity; Wings; H-Infinity Control; F-18 Aircraft; Feedback Control; Actuators
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RESEARCH AND SUPPORT FACILITIES (AIR)

Includes airports, hangars and runways; aircraft repair and overhaul facilities; wind tunnels; shock tubes; and aircraft engine test
stands.

1999_{_47272 Defence Science and Technology Organisation, Aeronautical and Maritime Research Lab., Melbourne, Australia

_l_cro%_X/B_s Commun_ca_k_n Test_g Software for the Low Speed W_nd T_m_el Data AcquMti(m System

Edwards, Craig D., Defence Science and Technology Organisation, Australia; February 1999; In English

Report No.(s): DSTO-TN-0189; DODA-AR-010-843; Copyright; Avail: Issuing Activity (DSTO, Aeronautical and Maritime

Research Lab., PO Box 4331, Melbourne, Victoria 3001, Australia), Hardcopy, Microfiche

Software has been developed to test the commtmication between the MicroVAX computer and the bi-directionai parallel data

bus in the Low Speed Wind Tunnel (LSWT) data acquisition system. It enables reading any combination of data parameters from

the bus for a user-defined number of iterations. An output file is created which contains the final values, average bus

communication times associated with the read process and a statistical analysis of the recorded data. This report describes the

operation of the software and presents results of tests performed on the existing data acquisition configuration.
Author

Channels (Data Transmission); Computer Systems Programs; Data Acquisition; Low Speed Wind Tunnels; Source Programs;

Data Transmission; Systems Analysis

1999{}_47776 DYNACS Engineering Co., Inc., Brook Park, OH USA

Fivc-Ek_le Flew Angle Probe Calibratkrn for the NASA Glenn Icing Research '-l'unncl

Gonsalez, Jose C., DYNACS Engineering Co., Inc., USA; Arrington, E. Allen, DYNACS Engineering Co., Inc., USA; May 1999;

26p; In English; Advanced Measurement and Ground Testing Technology, 17-20 Jnn. 1996, New Orleans, LA, USA; Sponsored

by American Inst. of Aeronautics and Astronautics, USA

Contract(s)/Grant(s): NAS 3-27186; RTOP 523-91-13

Report No.(s): NASA/CR-1999-202330; E-10677; NAS 1.26:202330; AIAA Paper 96-2201; No Copyright; Avail: CASI; A03,

Hardcopy; A01, Microfiche

A spring 1997 test section calibration program is scheduled for the NASA Glenn Research Center Icing Research Tunnel

following the installation of new water injecting spray bars. A set of new five-hole flow angle pressure probes was fabricated to

properly calibrate the test section for total pressure, static pressure, and flow angle. The probes have nine pressure ports: five total

pressure ports on a hemispherical head and four static pressure ports located 14.7 diameters downstream of the head. The probes

were calibrated in the NASA Glenn 3.5-in.-diameter free-jet calibration facility. After completing calibration data acquisition for

two probes, two data prediction models were evaluated. Prediction errors from a linear discrete model proved to be no worse than

those from a full third-order multiple regression model. The linear discrete model only required calibration data acquisition

according to an abridged test matrix, thus saving considerable time and financial resources over the multiple regression model

that required calibration data acquisition according to a more extensive test matrix. Uncertainties in calibration coefficients and
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predicted values of flow angle, total pressure, static pressure. Mach number, and velocity were examined. These uncertainties

consider the instrumentation that will be available in the Icing Research Tunnel for future test section calibration testing.
Author

Calibrating; Data Acquisition; Free Jets; Ice Formation; Regression Analysis; Flow Measurement

_999_}(_5(_926 Micro Craft, Inc., Hampton, VA USA

R(_tary Wing Test Sta_d Capability for _he Repub]ic (_f K(wea

Breaks, Jeffrey, Micro Craft, Inc., USA; Cooper, Michael, Micro Craft, Inc., USA; CEAS/AIAAflCASE/NASA Langley

International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 159-170; In English; See also

19990050911; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

Two agencies in the Republic of Korea have commissioned the design and fabrication of rotor test stands to provide

performance and dynamic testing capability for helicopter rotor systems in newly constructed wind tunnel facilities near Taejon,

Korea. These test stands, based on the proven design of the 2 Meter Rotor Test Stand (2MRTS) that has been operating in the NASA

Langley Research Center, 14 x 22-Foot Low Speed Tunnel for some time, incorporate significant improvements in the drive power

and in the control and instrumentation subsystems. Both rotor test systems are robust and utilize many off-the-shelf components

for durability and ease of maintenance.
Author

Test Stands; Dynamic Tests; Rotary Wings; Low Speed Stability; Aerodynamic Stability

i_999{}_52696 NASA Langley Research Center, Hampton, VA USA

Aircraft and Gro_md _%hk'|e Wi_ter R_mway Frk°tion A_sessme_t

Yager, Thomas J., NASA Langley Research Center, USA; CEAS/AIAA/ICASE/NASA Langley International Forum on

Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp. 679-690; In English; See also 19990052675; No Copyright;

Avail: CASI; A03, Hardcopy; A04, Microfiche

Some background information is given together with the scope and objectives of a 5-year, Joint Winter Runway Friction

Measurement Program between the National Aeronautics & Space Administration (NASA), Transport Canada (TC), and the

Federal Aviation Administration (FAA). Participants recently completed the fourth winter season of testing. The primary

objective of this effort is to perform instrumented aircraft and ground vehicle tests aimed at identifying a common number that

all the different ground vehicle devices would report. This number, denoted the International Runway Friction Index (IRFI) will

be related to all types of aircraft stopping performance. The range of test equipment, the test sites, test results and

accomplishments, the extent of the substantial friction database compiled, and future test plans will be described. Several related

studies have also been implemented including the effects of contaminant type on aircraft impingement drag and the effectiveness

of various runway and aircraft de-icing chemical types and application rates. New equipment and techniques to measure surface

frictional properties are also described. The status of an international friction index calibration device for use in ensuring accuracy

of ground vehicle friction measurements will also be discussed. NASA considers the success of this joint program critical in terms

of ensuring adequate ground handling capability in adverse weather conditions for future aircraft being designed and developed

as well as improving the safety of current aircraft ground operations.
Author

Friction Measurement; Ground Handling; Runways; Winter; Ground Tests; Surface Properties; Runway Conditions; Airfield

Surface Movements; Ice

_999_(_52964 Defence Science and Technology Organisation, Melbourne, Australia

Mier_)_,_X/Bus C(_mmunieation 'Festing SofI_+ are f(_r the L(_w Speed Wi_d 'l'unne_ Da_a Acquisithn_ System

Edwards, Craig D.; Feb. 1999; 37p; In English

Report No.(s): AD-A362582; DSTO-TN-0189; DODA-AR-010-843; No Copyright; Avail: CASI; A03, Hardcopy; A01,
Microfiche

Software has been developed to test the communication between the MicroVAX computer and the bi-directional parallel data

bus in the Low Speed Wind Tunnel (LSWT) data acquisition system. It enables reading any combination of data parameters from

the bus for a user-defined number of iterations. An output file is created which contains the final values, average bus

communication times associated with the read process and a statistical analysis of the recorded data. This report describes the

operation of the software and presents results of tests performed on the existing data acquisition configuration.
DTIC

Wind Tunnel Tests; Software Engineering; Data Acquisition
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1999e_}53242 General Accounting Office, Resources, Community and Economic Development Div., Washington, DC USA

GeuerM Aviation Airports: UnauJ:horized Laird Use Highlights Need fi)r Improved Oversight and Euforceme_t

May 1999; 30p; In English; Report to Congressional Requesters.

Report No.(s): AD-A363173; GAO/RCED-99-109; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

To increase the capacity of the nation's airport facilities and maintain the aviation infrastructure, the federal government has

made financial grants or transferred federal land to about 2,000 of the almost 18,000 general aviation airports in the USA Since
1982, the Federal Aviation Administration (FAA) has provided about $4.7 billion in financial grants to general aviation airports.

About 350 such airports have received land that is surplus to federal needs, while about 100 have received land that was not
considered surplus but was transferred to support the airports' needs, to receive this federal assistance, airports must agree to abide

by a number of requirements designed to ensure that the public interest is served. Among other things, airports must obtain

approval from FAA before altering the use or ownership of airport land and must use airport revenues only for their operation,

maintenance, or development FAA is responsible for monitoring airports' compliance with these requirements and, when

requirements are not met, for enforcement. As requested in the House Transportation and Infrastructure Committee Report on the

Airport Improvement Program Reanthorization Act of 1998 this report evaluates (1) FANS monitoring of general aviation

airports' compliance with federal land-nse requirements and (2) FAA's use of enforcement tools to resolve cases of

noncompliance, to obtain information on FANS oversight of land at general aviation airports, we visited 14 and surveyed the

remaining 9 FAA field offices responsible for overseeing airports' compliance.
DTIC

Land Use; Airports; General Aviation Aircraft

1999e{}53469 Air Force Research Lab., Human Effectiveness Directorate, Brooks AFB, TX USA

Trans_r of Traiui_g Ef_,e|:iveuess in Flight SimMafion: 1986 - 1997 F#_al Report, Jan, - Dec, 1997

Carretta, Thomas R., Air Force Research Lab., USA; Dunlap, Ronald D., Air Force Research Lab., USA; Sep. 1998; 16p; In

English

Contract(s)/Grant(s): AF Pro j- 1123

Report No.(s): AD-A362818; AFRL-HE-AZ-TR- 1998-0078; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

The purpose of this report was to review recent studies regarding the effectiveness of flight simulators as augmentation for

"hands-on" flying training. Simulation-based training has been proposed to reduce costs, extend aircraft life, maintain flying

proficiency, and provide more effective training, especially in areas difficult to train in operational aircraft. A review of the

literature from 1986 to 1997 identified 67 articles, conference papers, and technical reports regarding simulator flying training

and transfer, of these, only 13 were related directly to transfer of training from the simulator to the aircraft. Studies of simulator

effectiveness for training landing skills constituted a majority of the transfer studies, although a few examined other flying skills

such as radial bombing accuracy and instrument and flight control. Results indicate that simulators are useful for training landing

skills, bombing accuracy, and instrument and flight control. Generally, as the number of simulated sorties increases, performance

improves, but this gain levels off after approximately 25 missions. Further, several studies indicate that successful transfer may

not require high-fidelity simulators or whole-task training, thus reducing simulator development costs. Evaluation of this

literature is difficult for many reasons. Typically, researchers fall to report sufficient detail regarding research methods, training

characteristics, and simulator fidelity. In addition to these methodological concerns, there is a lack of true simulator-to-aircraft

transfer studies involving complex pilot skills. This may be due to problems such as inadequate simulator design, cost, and

availability, and access to simulators in operational flying traits. Future directions in simulator transfer of training are discussed.
DTIC

Flight Simulators; Transfer of Training; Control Simulation; Flight Control; Motion Simulators; Education; Pilot Training;
Computerized Simulation
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ASTRONAUTICS

Includes astronautics (general); astrodynamics; ground support systems and facilities (space); launch vehicles and space vehicles;
space transportation; space communications, spacecraft communications, command and tracking; spacecraft design, testing and
performance; spacecraft instrumentation; and spacecraft propulsion and power.

19990_}476_}e NASA Langley Research Center, Hampton, VA USA

Aerodynamic Charae|:eris|:ies and Devdopmen J,of lthe Aerody_mmie Da|:abase of the X-34 Reusable Lam_e_ Vehicle

Pamadi, Bandu N., NASA Langley Research Center, USA; Brauckmann, Gregory J., NASA Langley Research Center, USA;

53



1999; In English; Atmospheric Reentry Vehicles and Systems, 16-18 Mar. 1999, Arcachon, France; Copyright; Avail: Issuing

Activity, Hardcopy, Microfiche

An overview of the aerodynamic characteristics and the process of developing the preflight aerodynamic database of the

NASA/Orbital X-34 reusable launch vehicle is presented in this paper. Wind tunnel tests from subsonic to hypersonic Mach

numbers including ground effect tests at low subsonic speeds were conducted in various facilities at the NASA Langley Research

Center. The APAS (Aerodynamic Preliminary Analysis System) code was used for engineering level analysis and to fill the gaps

in the wind tunnel test data. This aerodynamic database covers the range of Mach numbers, angles of attack, sideslip and control

surface deflections anticipated in the complete flight envelope.
Author

Aerodynamic Characteristics; Data Bases; Ground Effect (Aerodynamics); Flight Envelopes; X-34 Reusable Launch Vehicle

i_999_47853 NASA Glenn Research Center, Cleveland, OH USA

An Aiv-Breathh_g Lau_ch Vehicle Concept h_r Single-Stage-to-Orbit

Trefny, Charles J., NASA Glenn Research Center, USA; May 1999; 16p; In English; Propulsion, 20-23 Jun. 1999, Los Angeles,

CA, USA; Sponsored by American Inst. of Aeronautics and Astronautics, USA

Contract(s)/Grant(s): RTOP 523-61-23

Report No.(s): NASA/TM-1999-209089; E-11674; NAS 1.15:209089; AIAA Paper 99-2730; No Copyright; Avail: CASI; A03,

Hardcopy; A01, Microfiche

The "Trailblazer" is a 300-1b payload, single-stage-to-orbit launch vehicle concept that uses air-breathing propulsion to

reduce the required propellant fraction. The integration of air-breathing propulsion is done considering performance, structural

and volumetric efficiency, complexity, and design risk. The resulting configuration is intended to be viable using near-term

materials and structures. The aeropropulsion performance goal for the Trailblazer launch vehicle is an equivalent effective specific

impulse (I*) of 500 sec. Preliminary analysis shows that this requires flight in the atmosphere to about Mach 10, and that the gross

lift-off weight is 130,000 lb. The Trailblazer configuration and proposed propulsion system operating modes are described.

Preliminary performance results are presented, and key technical issues are highlighted. An overview of the proposed program

plan is given.
Author

Air Breathing Engines; Aircraft Engines; Performance Prediction; Design Analysis; Volumetric Efficiency

]999_5_929 Centro Tecnico Aerospacial, Inst. de Aeronantica e Espaco, San Jose dos Campos, Brazil

Pane| ]Flu_ter Analyses f(_r _he ]Firs_ ][_razilian Satellite La_mcher

Damilano, J. G., Centro Tecnico Aerospacial, Brazil; Said, Jamil C., Centro Tecnico Aerospacial, Brazil; Azevedo, Joao L. F.,

Centro Tecnico Aerospacial, Brazil; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural

Dynamics 1999; June 1999, Pt. 1, pp. 201-210; In English; See also 19990050911

Contract(s)/Grant(s): CNPq-522413/96-0; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

The paper describes panel flutter analyses performed in the context of the development of the first Brazilian satellite launcher

(VLS). The development of the structural-dynamic and aerodynamic formulations are presented, together with their coupling to

obtain the aeroelastic equations. Two different approaches were used to describe the aerodynamic loading, namely formulations

based on the quasi-steady, linearized, small perturbation potential equation and on lst-order piston theory. Results are presented

for the VLS main aerodynamic fairing panels, both at zero incidence and at angle of attack. The effect of the inclusion of the

unsteady aerodynamic terms in the aeroelastic results was also investigated. The overall conclusion of the study indicates that the

VLS payload shroud would be free from panel flutter even with a considerable reduction in the fairing panel thickness.
Author

Panel Flutter; Flutter Analysis; Unsteady Aerodynamics; Aeroelasticity ; Aerodynamic Loads; Shrouds; Fairings

_999_527_5 Aerospace Corp., Los Angeles, CA USA

S_iffness a_d Damping Ef|k_cts of Launch Vehicle Aer(_elas_ic Cow,piing

Dotson, K. W., Aerospace Corp., USA; Baker, R. L., Aerospace Corp., USA; Sako, B. H., Aerospace Corp., USA;

CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp.

811-820; In English; See also 19990052675; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

The self-sustained coupling of structural responses with transonic flow state transitions at the nose of launch vehicle payload

fairings can be analyzed by solving the nonlinear system equation of motion based on the force response relationship and the

periodicity condition. The traditional analysis approach for this phenomenon, however, linearizes the equation of motion by

converting the alternating flow forces into an aerodynamic damping term and defines a stability criterion as the response amplitude
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thatyieldszeronetsystemdamping.Thisworkclarifiestherelationshipbetweenthenewandtraditionalmethods,andcompares
resultsandconclusions.Thefeasibilityofmodifyingalaunchvehiclebuffetanalysis(ofrandomfluctuationscausedbyturbulent
flow)to includeaeroelasticcouplingeffectsisalsoexplored.Theaerodynamicstiffnessanddampingtermsformulatedare
consistentwithtrendsobservedinwindtunneltestdata.It isshown,however,thatthemodifiedbuffetanalysisapproachcanbe
inaccurate,particularlywhentheaeroelasticcouplingcontributiondoesnotdominatethesystemresponse.
Author

A eroelasticity ; Buffeting; Equations of Motion; Stiffness; Dynamic Structural Analysis; Vibration Damping; Launch Vehicles;

Structural Stability

1999_52764 NASA Goddard Space Flight Center, Greenbelt, MD USA

A_tonomo_s Attit#de Sensor Calibratio_ (ASCAL)

Peterson, Chariya, Computer Sciences Corp., USA; Rowe, John, Computer Sciences Corp., USA; Mueller, Karl, NASA Goddard

Space Flight Center, USA; Ziyad, Nigel, NASA Goddard Space Flight Center, USA; Dec. 10, 1998; In English; Flight Mechanics,

18-19 May 1999, Greenbelt, MD, USA

Contract(s)/Grant(s): NAS9-98100; Copyright; Avail: Issuing Activity, Hardcopy, Microfiche

In this paper, an approach to increase the degree of autonomy of flight software is proposed. We describe an enhancement

of the Attitude Determination and Control System by augmenting it with self-calibration capability. Conventional attitude

estimation and control algorithms are combined with higher level decision making and machine learning algorithms in order to

deal with the uncertainty and complexity of the problem.
Author

Calibrating; Applications Programs (Computers); Attitude (Inclination); Flight Control; Autonomy; Augmentation
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CHEMISTRY AND MATERIALS

Includes chemistry and materials (general); composite materials; inorganic and physical chemistry, metallic materials; nonmetallic
materials; propellants and fuels; and materials processing.

1999_4925S Naval Air Systems Command, Patuxent, MD USA

S_ppor_ of Composite Str_c_re_ on NavM A_rcraft

Mehrkam, Paul A., Naval Air Systems Command, USA; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft;

January 1999, Pt. 1, pp. 79-90; In English; See also 19990049248; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

Since the first composite structures on navy aircraft were introduced in the early 1970's, the Navy has developed extensive

composite repair experience for maintaining the fleet which includes current, emerging, and aging aircraft. To be presented will be

composite repair experiences and developments for F- 14, F-5, F/A- 18A/B/C/D, AV-8B, CH-46, F/A- 18E/F, and V-22. This will include

solutions to specific repair problems such as ambient storable repair materials, reduced temperature vacuum bag cure of repair materials,

support equipment for composite repair, and rapid composite repair procedures, This repair experience and technology was developed

through teaming between Naval Air Systems Command (NAVAIR), Naval Air Warfare Center Aircraft Divisions (NAWCAD), Naval

Aviation Depots (NADEP), Air Force agencies, international organizations, and aircraft manufacturers.
Author

Military Aircraft; Composite Structures; Aircraft Maintenance; Aging (Materials)

1999_4927(_ Warner Robins Air Logistics Center, Robins AFB, GA USA

Expansion of the WR-ALC Fatigue-Arrest Composite RepMr CapaMlity

Adams, Steven E, Warner Robins Air Logistics Center, USA; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft;

January 1999, Pt. 1, pp. 201-223; In English; See also 19990049248; No Copyright; Avail: CASI; A03, Hardcopy; A04,
Microfiche

Warner Robins Air Logistics Center (WR-ALC) has been performing fatigue-arrest boron-epoxy repairs for over four years

and has designed and installed almost 500 repairs of primary structure on various U.S. Air Force and Foreign Military Sales (FMS)

aircraft. All of these repairs, however, have been designed to survive a similar environment of cyclic fatigue typical of primary

wing or fuselage structure, and they have been almost exclusively boron-epoxy patches of similar stiffness ratio on aluminum alloy

substrate. WR-ALC has a great deal of research data quantifying the design requirements and performance of this type of repair

as well as the fleet-wide statistical base of the in-service C-141 repairs, but opportunities exist within the Air Force for fatigue

arrest repairs for which the existing repair methodology or knowledge base may not be satisfactory. This paper will focus on three
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in-houseengineeringeffortsthathavebeengearedtowardsestablishingtheeffectivenessofthistypeof bondedcrack-arrest
technologyoutsidethisexistingrepairenvelope-areaswherepotentialworkloadexistsorwherelimitationsoftheexistingrepair
methodologycurrentlylimititsapplicability.Theseeffortsare:A)Low-stiffnessratiorepairsforthinstructureorfatigue-critical
areas,B)Non-aluminumsubstratefatiguerepairsuchastitanium,high-strengthsteel,etc.,andC)Highcyclefatigueapplications,
suchasstructuresubjectedtoturbulentfloworacoustically-excitedthinstructure.Theseeffortswereintendedtoassessconcept
feasibilitypriortoafull-scalerepairdevelopmentandthereforearenotexhaustiveengineeringstudies,butrathercursoryfirst
looksattemptingtoidentifyapotentialAchilles'heelpriortoafullrepairdevelopmenteffortbeingundertaken.
Author

Aircraft Maintenance; Fatigue (Materials); Aircraft Structures; Structural Analysis; Cracking (Fracturing)

]999_5269_ Bath Univ., Dept. of Mechanical Engineering, Bath, UK

P_y Ang|e Optimization of N(m-Uni_brm C(rmp(rsite Beams S_bieet t(r Aeroe|astk_ C(rn_traints

Evrard, T., Bath Univ., UK; Butler, R., Bath Univ., UK; Hughes, S. W., Bath Univ., UK; Banerjee, J. R., City Univ., UK;

CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp.

699-708; In English; See also 19990052675; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

This paper investigates the effect that varying the orientation alpha of a [90+alpha/O+alpha/+45+alpha/-45+alpha](sub s)

lay-up has on the flutter and divergence behaviour of a tmiform flat composite beam, in both swept and unswept configurations.

Minimum-mass optimization of non-tmiform flat composite beams, with varying orientation of the same lay-up, is also presented.

Results show a reduction in mass of 23% for optimum alpha compared to the baseline alpha = 0 case. It is also found that the lay-up

orientation giving maximum permissible airspeed for a uniform beam corresponds to the optimum orientation for a non-uniform

beam. Hence, the wing designer may quickly and accurately determine the optimal lay-up orientation by performing flutter and

divergence analyses at a range of values of alpha between +90 deg and -90 deg. The current limitations of the technique,

concerning strength requirements and manufacturing considerations, are recognized. Furthermore, some of the designs are shown

to be highly imperfection-sensitive.
Author
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i_9_9_527_2 Virginia Polytechnic Inst. and State Univ., Blacksburg, VA USA

Divergence _nd Flut|:er of Adaptive Laminated Composite Ah'craft Wings Featuring Damaged Bondh_g ][_terihces

Librescu, L., Virginia Polytechnic Inst. and State Univ., USA; Icardi, U., Politecnico di Torino, Italy; DiSciuva, M., Politecnico

di Torino, Italy; CEAS/AIAA/ICASE]NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June

1999, Pt. 2, pp. 747-762; ffa; In English; See also 19990052675

Contract(s)/Grant(s): CTB97.00589.CTll; CTB97.00459.CTll; CRG960118; No Copyright; Avail: CASI; A03, Hardcopy;
A04, Microfiche

A study of the aeroelastic divergence and flutter of swept-aircraft wings made-up from laminated composite materials

featuring nourigidly bonded interfaces is presented. Among the goals to be reached, those of capturing and revealing the effects

played by interlaminar bonding imperfections on static and dynamic aeroelastic instabilities, and that of the incorporation of a

feedback control methodology are investigated. Implementation of a feedback control methodology enabling one: a) to counteract

the detrimental effects of bonding imperfections, and b) to enhance the overall aeroelastic response behavior, is also considered.

In order to obtain results emphasizing the implications of bonding imperfections, the aeroelastic problem will be considered in

a restricted sense, i.e. for the case when only the bending degree of freedom is involved. In this context, results addressing the

problem of the influence of interfacial bonding imperfection, and feedback control on static and dynamic aeroelastic instabilities

of swept-aircraft wings are presented, and pertinent conclusions are outlined.
Author
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Tit_nh_m A_urnh_ide Applications in the Ifigh Speed Civi! _l[_'ansp(wt

Bartolotta, Paul A., NASA Glenn Research Center, USA; Kranse, David L., NASA Glenn Research Center, USA; March 1999;

12p; In English; Gamma Titanium Aluminides, 28 Feb. - 4 Mar. 1999, San Diego, CA, USA; Sponsored by Minerals, Metals and

Materials Society, USA

Contract(s)/Grant(s): RTOP 537-04-23

Report No.(s): NASA/TM-1999-209071; NAS 1.15:209071; E-11627; No Copyright; Avail: CASI; A03, Hardcopy; A01,
Microfiche
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It isprojectedthatwithinthenexttwodecades,overseasairtravelwill increasetoover600,000passengersperday.TheHigh
SpeedCivilTransport(HSCT)isasecond-generationsupersoniccommercialaircraftproposedtomeetthisdemand.Theexpected
fleetof 500 to 1500 aircraft is required to meet EPA environmental goals; the HSCT propulsion system requires advanced

technologies to reduce exhaust and noise pollution. A part of the resultant strategy for noise attenuation is the use of an extremely

large exhaust nozzle. In the nozzle, several critical components are fabricated from titanium aluminide: the divergent nap uses

wrought gamma; the nozzle sidewall is a hybrid fabrication of both wrought gamma face sheet and cast gamma substructure. This

paper describes the HSCT program and the use of titanium alnminide for its components.
Author
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1999_49252 Boeing Commercial Airplane Co., Seattle, WA USA

InHuence of U_detected I][idden C(_rrosio_ o_ Structural Airworthiness of Aging Jet Tra_sports

Akdeniz, Aydin, Boeing Commercial Airplane Co., USA; Das, Girindra K., Boeing Commercial Airplane Co., USA; The Second

Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 29-38; In English; See also 19990049248; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

In this paper the implications of combined hidden corrosion and fatigue on structural integrity of aging jet transports are

presented. The primary concern, the corrosion between the fay surface of the Principal Structural elements (PSE), is discussed.

Examples of hidden corrosion that were found in older airplanes in the Boeing fleet are shown. Current maintenance programs

for structural integrity of aging commercial fleets are discussed. Commercially available detection methods for hidden corrosion

are described. Finally, recommendations to address hidden corrosion in older airplanes are proposed by supplementing existing

visual inspections with subsurface nondestructive evaluation (NDE).
Author
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1999{}_535_{_ Naval Surface Warfare Center, Carderock Div., Bethesda, MD USA

Heat Treatme_t of A! 7075 f(_r iEjee|:io_ Seat Shear Wire

Wong, Catherine R.; Mastroianni, Lee S.; Mar. 1999; 15p; In English

Report No.(s): AD-A362873; NSWCCD-61-TR-1999/04; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Shear pins in ejection seats are required to have double shear breaking load values in the range of 46-51 lbs. over the life of

the equipment. Aluminum 6061-T6 that was cold worked to increase the shear strength was initially used and performed well for

many years. Current lots of A1 6061 could not duplicate the double shear breaking load values and so it was attempted to achieve

the required double shear breaking load in the A1 7075 alloy with a stable microstructure. A variety of heat treatments were

performed and tested for hardness and double shear breaking load. This report presents the resulting heat treatment curves and

the correlation between hardness and double shear breaking load. The proper heat treatment for this application is identified as

a solution treatment between 870 and 900 deg F for 32 hours, aging at 225 deg F for 8 hours and then further aging at 350 deg

F for 144 hours. This heat treatment was found to produce a double shear breaking load in the required range that is stable over
time.

DTIC

Aluminum Alloys; Ejection Seats; Shear Strength; Microstructure

1999_4926_ Battelle Columbus Labs., OH USA

Effeets of Corrosio_ [nMbiti_g Lubrka_ts o_ Avio_des Reliability

Abbott, W. H., Battelle Columbus Labs., USA; The Second Joint NASA]FAA/DOD Conference on Aging Aircraft; January 1999,

Pt. 1, pp. 101-115; In English; See also 19990049248; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

Studies were conducted on the effects of corrosion inhibiting lubricants on the electrical performance of gold plated

connectors. The basis for the work was the premise that a significant number of typical No Defect (ND), Can Not Duplicate (CND),

and Retest OK (RTOK) maintenance actions may be due to environmental corrosion of connector surfaces. This may include

typical gold plated I/0 connectors as well as ground connections. The objectives of the work which was conducted in several phases

were as follows. First, field and laboratory studies were conducted to evaluate the electrical performance and potential risk versus

benefits associated with the use of Commercial Off The Shelf (COTS) materials conforming to MIL-L-87177A and

MIL-C-81309E. Materials from 12 vendors were evaluated. Second, it was planned that if satisfactory results were obtained in

Phase I, a field study would be conducted in which selected lubricants would be applied to the I/0 connectors on specific Line

Replaceable Units (LRUs) of operational aircraft. This was, in fact, initiated with the F-16 aircraft as the test vehicle, to date, flights

tests have involved nearly 150 aircraft spread over 10 bases in CONUS. The Phase I studies produced several important
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conclusions.Amongthelubricantswhichwereevaluatedtherewasawiderangeof performance.Oneuniquematerialwas
identifiedwhichactuallyappearedto degradeperformance.A numberof materialsshowedlittlebenefitcomparedto the
unlubricatedstate,andonlyseveralshowedanexcellentcombinationofcorrosioninhibitioninsevereenvironmentsandgood
electricalperformanceunderawiderangeofenvironmentalextremes.Theseresultsindicatethatafewlubricantscanbeusedin
suchapplicationswithnoidentifiedengineeringrisk,butlubricantsmustbethoroughlyqualifiedtoafargreaterextentthanis
requiredinexistingspecifications.ThePhaseIIstudieshaveyieldedpositiveresults.Mostimportantistheconfirmationthatsuch
materialscanberoutinelyappliedinthefieldwithnoidentifiedorperceivedrisktotheaircraftsystemsorwithanyobjections
frommaintenancepersonnel.Beyondthis,theresultsfromseveralyearsworthof flighttestshaveproducedvariable
results/benefitsamongdifferentLRUsasmightbeexpected.However,onspecificLRUstherehavebeensignificantreductions
inNDandNRvaluesaswellasMaintenanceManHours/FlightHour.Resultscomparingmaintenanceactionsforaircraftwith
lubricationagainstcomparabledatafortheentirefleetofaircraftwithinthesamecommandhavebeenfavorable.Whilethese
resultshavebeenpositive,thereisoneoverridingconclusionwhichmustbestressed.Lubricantsforsuchapplicationscannotbe
selectedinanarbitrarymanner.Thoroughqualificationdatamustsupportthesedecisions.Suchdatadonotappeartobeavailable
fromhistoricalqualificationrequirements.
Author

Aircraft Reliability; Corrosion Prevention; Lubricants; Electrical Properties; Performance Tests; Electric Connectors
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Effe.ct (ff Aircraft Washi_g _m the Life of C(_rrosion ]?revenfion Cornp_mnds

Shankar, Krishnaknmar, Australian Defence Force Academy, Australia; Tindall, Natasha, Royal Australian Navy, Australia;

Hinton, Bruce, Defence Science and Technology Organisation, Australia; Salagaras, Maria, Defence Science and Technology

Organisation, Australia; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 378-386;
In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

Corrosion Prevention Compounds (CPCs) are now commonly employed to combat corrosion in aircraft structures,

particularly for controlling crevice corrosion in airframe skin splice joints. On the other hand, for fixed and rotary wing aircraft

operating in severe corrosive conditions as in the marine environment, frequent washing with fresh water is also employed to

remove salt deposits and inhibit the onset of corrosion. Unfortunately, while both these remedies are independently effective, it

has been found that aircraft washing tends to reduce the effectiveness of the corrosion prevention compounds. This paper describes

the results of an experimental program aimed at determining the effect of frequent washing on the effective life of CPCs in crevice

joints. The tests were conducted on crevice washer specimens treated with three different kinds of commercially available Water

Displacing Corrosion Preventive (WDCP) compounds and exposed to continuous salt spray testing as per ASTM Standard B-117.

After thirty days of exposure, specimens treated with CPCs but not subjected to washing had developed less than twenty percent

of corrosion compared to unwashed specimens without any CPCs, whereas corrosion in untreated specimens subjected to frequent

washing was about half of that in untreated unwashed specimens. After thirty days of exposure to salt fog and frequent washing,

the specimens treated with CPCs had developed the same amount of corrosion as the untreated specimens. A comparison of the

performance of the different CPCs studied showed while some of them may remain effective up to a period of about two weeks,

in most cases frequent washing causes corrosion to develop over a significant part of the crevice in a matter of six to seven days,

highlighting the necessity of reapplication of the CPCs every time the aircraft is washed.
Author
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_999_528,_ Search for Extraterrestrial Intelligence Inst., Mountain View, CA USA

Synthesis and Dcvel_pmen_ of Por_ms Polymeric C_flum_ Packi_g a_d Mk°rochip Detcct_rs f_r GC A_alysis of

Ex|:raterres|:r[a_ A tmosp_eres Final Repm°t_ I Oct, 1989 _30 Sep. 1998

Shen, Thomas C., Search for Extraterrestrial Intelligence Inst., USA; Apr. 30, 1999; 72p; In English

Contract(s)/Grant(s): NCC2-650; No Copyright; Avail: CASI; A04, Hardcopy; A01, Microfiche

This report summarizes the last nine years research accomplishments under Cooperative Agreement NCC2-650 between

NASA, Ames Research Center and SETI Institute. Four Major research tasks are conducted: 1. Gas chromatography column

development. 2. Pyrosensor development. 3. Micro-machining gas chromatography instrument development. 4. Amino acid

analysis and high molecular weight polyamino acid synthesis under prebiotic conditions. The following describes these results.
Derived from text

Synthesis (Chemistry); Product Development; Amino Acids; Chips (Electronics); Polymers; Detection; Research; Molecular

Weight; Flight Instruments
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IL_9_)_}47549DefenseLogisticsAgency,DefenseEnergySupportCenter,FortBelvoir,VAUSA
Survey(ffJe|: Fuels Pr(_cured by the Defense Energy S_pport Center

Jun. 09, 1998; 77p; In English

Report No.(s): AD-A362331; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

This first report is a compilation of data which are representative of the quality of jet fuels (JP4, JP5, and JP8) purchased by

the Defense Energy Support Center (DESC) worldwide. This information was obtained from our Petroleum Quality Information

System (PQIS), an automated system which contains product quality history. This database contains over 6000 records of aviation

fuel deliveries, which represents 8.5 billion gallons of product. The data contained in this report are summarized to provide
statistical information on average, minimum and maximum values of selected test properties for use by our customers in

researching specification or quality issues. Although this report covers seven years of quality history, future reports will be

published on an annual basis.
DTIC

Fuels; Data Bases; Jet Engine Fuels; Surveys; Crude Oil

1999_}_4755_ Defense Logistics Agency, Defense Energy Support Center, Fort Belvoir, VA USA

Petro_em_ Qual_y Inf(_rmati_m System Je_ F_els Da_a

Dec. 30, 1998; 49p; In English

Report No.(s): AD-A362332; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

This is the second report, summarizing test results of aviation fuels received in calendar year 199? with comparison statistics

from calendar year 1995 and 1996. Data is stored in our Petroleum Quality Information System (PQ1S) Database which currently

contains 4,385 records, representing just under 6.8 billion gallons of product, starting from January 1, 1995. Many DESC

personnel contributed to its development, maintenance and data entry functions. Special thanks go to the field offices of DCMD

and DCMD1 for their response in providing information for shipments that were missing from the database. The result of this effort

was an increase by almost 1/2 billion gallons of jet fuel represented in the report. The JP4 representation increased to 100% for

both 1996 and 1997. For 1996, JP5 representation increased from 24% in the 1990-1996 Report, to 87% in this Report. JP8

representation also increased from 57% to 81% for calendar year 1996
DTIC
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1999_477_7 Baylor Univ., Dept. of Aviation Sciences, Waco, TX USA

Proceedings of tI_e Sec_nd [nternationM Conference _n Alternative Aviation Fuels Fired Rep_rt

Knopp, K. J., Editor; Mar. 1999; 366p; In English; Alternative Aviation Fuels, 6-8 Nov. 1997, Waco, TX, USA

Report No.(s): PB99-139487; No Copyright; Avail: CASI; A16, Hardcopy; A03, Microfiche

This publication contains 50 technical presentations presented at the Second International Conference on Alternative

Aviation Fuels. Baylor University, in Waco, Texas, hosted the conference on November 6-8, 1997. Topics covered in the papers

and panel discussions included: Environmental impact of alternative aviation fuels; Cost-effectiveness and characteristics of

alternative fuels; Alternative aviation fuel case studies; Fuel suppliers' and manufactures' responses to alternative fuels; and
Barriers to commercialization.

NTIS
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I[9990049212 Baylor Univ., Waco, TX USA

Proceedings (ff the Seco_d [nternati(ma| Co_l_rence on Alternative Aviation Fuels Fina_ Repo_

Mar. 1999; 329p; In English; Alternative Aviation Fuels, 6-8 Nov. 1997, Waco, TX, USA

Report No.(s): AD-A362182; DOT/FAA/AR-98/73; No Copyright; Avail: CASI; A15, Hardcopy; A03, Microfiche

Baylor University, in conjunction with the Federal Aviation Administration (FAA), U.S. Department of Energy, Texas State

Technical College, and Environment Canada, presented the Second International Conference on Alternative Aviation Fuels to

introduce members of the industry to the promise and applications of alternative fuels in aviation. This publication contains 50

technical presentations presented at the Second International Conference on Alternative Aviation Fuels. Baylor University, in

Waco, Texas, hosted the conference on November 6-8, 1997. Topics covered in the papers and panel discussions included:

Environmental impact of aitemative aviation fuels; Cost-effectiveness and characteristics of aitemative fuels; Alternative aviation

fuel case studies; Fuel suppliers' and manufactures' responses to alternative fuels; and Barriers to commercialization.
DTIC
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£_999{}_4792,_ National Inst. of Standards and Technology, Fire Safety Engineering Div., Galthersburg, MD USA

Prediction _._ased |)es_g_ o|°F_re Detection fl_r _._ui_d_ngs w_h Ceiling Heights betwee_ 9m a_d i_gm

Davis, W. D., National Inst. of Standards and Technology, USA; Notarianni, K. A., National Inst. of Standards and Technology,

USA; Jul. 1998; 54p; In English
Report No.(s): PB98-148158; NISTIR-6199; No Copyright; Avail: CASI; A04, Hardcopy; A01, Microfiche

The purpose of this paper is to provide the experimental and theoretical background necessary to extend guidelines to ceiling

heights between 9 m and 18 m. Based on the results of experiments conducted in 15 m and 22 m high hangars, detector activation

thresholds and detector spacing are analyzed for both smoke and heat detectors. Only ceiling mounted detection devices are

analyzed in this paper. In addition to the detector threshold study, the predictive capabilities of computer fire model simulations

were compared with experimental results. This comparison, which is based on 12 fire tests, resulted in the development of a new

ceiling jet algorithm to model phenomena which had not been included in previous algorithms. The improved algorithm provides

a better representation of the development of the ceiling jet temperature to a growing hot layer and a better estimation of plume

centerline temperature. Guidelines are examined, based on the experimental results, for fire detector spacing, placement, and

sensitivity. Recommendations concerning the use of computer fire models at these heights are made as a function of fire size and

hot layer development. The role of draft curtains is discussed and their impact on detector activation is demonstrated.
NTIS

Fires; Hangars; Smoke Detectors; Fire Prevention; Safety Devices; Fail-Safe Systems; Algorithms; Computerized Simulation

_999e_}53143 Research and Technology Organization, Applied Vehicle Technology Panel, Neuilly-sur-Seine, France

Fhfid Dym_rnics Problems of Vehk%s Operatil_g Near or i_ t_e Air-Sea Interface Problemes de Dynamique des Fluide_

des Vehicules Evoluant dans ou Pres de l_Ime_face Ab'-,_(ger

Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea Interface; February 1999; 380p; In English, 5-8 Oct. 1998,

Amsterdam, Netherlands; Sponsored by Research and Technology Organization, France; See also 19990053144 through

19990053173; Original contains color illustrations

Report No.(s): RTO-MP-15; AC/323(AVT)TP/9; ISBN 92-837-0004-X; Copyright Waived; Avail: CASI; A17, Hardcopy; A03,
Microfiche

The papers prepared for the RTO Applied Vehicle Technology (AVT) Symposium on "Fluid Dynamics Problems of Vehicles

Operating Near or in the Air-Sea Interface" which was held 5-8 October 1998 in Amsterdam, The Netherlands, are contained in

this report. In addition, a Technical Evaluator's Report aimed at assessing the success of the Symposium in meeting its objectives,

and an edited transcript of the General Discussion held at the end of the Symposium are also included. In addition to presentations

from the NATO Cotmtries, this Symposium included several presentations by Russian and Ukrainian authors. In total, 30 papers
were presented during sessions on the following subjects: (1) Aerodynamics and Flight Dynamics arotmd Ships; (2) Stabilization

and Control Techniques for Ships; and (3) Non-Classical Aircraft Flying Near the Air-Sea Interface.
Author
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_999_53_ 58 Delegation Generale de l'Armement, Saint-Cloud, France

New Advances in Sailing IIydrofoi_s

Lefaudeux, Francois, Delegation Generale de l'Armement, France; Fluid Dynamics Problems of Vehicles Operating Near or in

the Air-Sea Interface; February 1999, pp. 15-1 - 15-14; In English; See also 19990053143; Original contains color illustrations;

Copyright Waived; Avail: CASI; A03, Hardcopy; A03, Microfiche

Two sailing hydrofoils projects are currently in progress in France. The objective of the first one, Techniques Avancees, is

to establish a new all categories world speed record (now belonging to Yellow Pages Endeavour with more than 46 knots). The

objective of the second, L'Hydroptere, is even more ambitious; it is a new record for the eastward crossing of the Atlantic Ocean.

The two boats have been built and they sail regularly, a lot have been learn from those experiments and they are quite successful.

Techniques Avancees holds the world speed record in its size category, L'Hydroptere sails regularly at 35-37 knots and it has been

recorded at 39 knots. This paper presents, first, a brief history of hydrofoil sailing, starting with Monitor, a very successful project

dating from the end of the fifties. After this introduction to hydrofoil sailing, it concentrates on the two main design advances

6O



which explain the success of those two ships. The first deals with the lateral stability of hydrofoils sailing ships which have to

counter the strong lateral force and heeling moment due to the action of the wind on the sails. The second deals with the problem

of the general longitudinal stability of an ocean-going first generation hydrofoil in strong seas: how to avoid the dangers of fast

changes in the flow angle of incidence on the main foils with the risks of negative lift and subsequent "hard landing".
Author

Hydrofoils; Hydrofoil Craft; Hydroplanes (Vehicles); Ships; Structural Design; Gas Turbine Engines; Engine Design

1999_{_527{_9 La Sapienza Univ., Aerospace Dept., Rome, Italy

N_m_i_ear Aeroelastie System Identificatim_ Via Wavelet Analysis i_ the Neighbourh_od of a ][Amit Cycle

Mastroddi, E, La Sapienza Univ., Italy; Bettoli, A., La Sapienza Univ., Italy; CEAS/AIAA/ICASE/NASA Langley International

Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp. 857-866; In English; See also 19990052675; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

A wavelet analysis on the output signal of a nonlinear system in the neighbourhood.of a Hopf bifurcation (i.e., a limit-cycle

oscillation) has been performed to point out the linear and nonlinear signatures of the system. Indeed, this kind of nonlinear

behaviour is characterised not only by a simple harmonic oscillation in developed steady-state condition, but also by an initial

transitory phase with a complex time evolution of the spectral signal content. Both of issues could be described in an analytical

way via a singular perturbation analysis but they could be also directly analyzed by a signal-processing tool via wavelet analysis

(Continuous Wavelet Transform, CWT): this is obtained using the wavelet capability in describing efficiently the time evolution

of the spectrum of the signal (i.e., a nonlinear "signature" of a Hopf bifurcation). The novelty of the paper consists of applying

the wavelet theoretical tool in the behavior description of a wing experiencing a limit cycle.
Author
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1999_.:_47366 Office of Naval Research, Arlington, VA USA

Pr_ceed_gs o_"_he I_ternafiona] Symp_s_m_ o_ Seawater Drag Red_cfio_ 22-23 July 199_ Newp_wt_ Rh_de Island

Jul. 1998; 453p; In English

Report No.(s): AD-A362573; No Copyright; Avail: CASI; A20, Hardcopy; A04, Microfiche

The International Symposium on Seawater Drag Reduction (ISSDR), held in Newport, RI, on 22-23 July 1998, focused on

drag reduction methods applicable primarily in the seawater environment. The symposinm was jointly sponsored by the Office

of Naval Research (including ONR's European Office), the Naval Sea Systems Command, the Defense Advanced Research

Projects Agency, the Naval Surface Warfare Center Carderock Division, the American Society of Mechanical Engineers and the

Naval Undersea Warfare Center Newport Division. The call for ISSDR papers resulted in an overwhelming response from around

the world. Accepted papers represent authors from 11 different countries and include contributions from the government sector,

private industry, and academia. The resulting proceedings volume offers a comprehensive collection of the latest thinking on

seawater drag reduction from leaders of the international drag reduction community. Papers are grouped in this volume in the

following categories: * drag reduction - historical overview, * wall turbulence physics, * drag reduction physics * seawater physics

• turbulent drag reduction methods including compliant coating, spanwise fluid motion and wall motion, polymer, microbubble,

electromagnetic, and biology based methods. One of the fundamental advances in the smdy of turbulence over the last five decades

has been the discovery that turbulence production and self-sustainment in a boundary layer are organized phenomena and not

entirely random processes. A principal objective of this symposium and proceedings was to promote a closer coupling of these

wall turbulence physics fundamentals to drag reduction methodologies, while also seeking to increase awareness of the challenges

unique to seawater drag reduction, and encouraging wider and more extensive discussion in the drag reduction community of the

potential applicability to seawater vehicles.
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1999_5_936 Office National d'Etudes et de Recherches Aerospatiales, Paris, France

Aer_elastMty Simulations _n Turbulent Flows

Grisval, Jean-Pierre, Office National d'Etudes et de Recherches Aerospatiales, France; Liauzin, Cedric, Office National d'Etudes

et de Recherches Aerospatiales, France; Zdenek, Johan, Centric Engineering Systems, Inc., USA; CEAS/AIAA/ICASE/NASA

Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 275-286; In English; See also

19990050911; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

Unsteady turbulent flow calculations involving moving boundaries and fluid-structure interaction problems are solved using

a finite element method and Spalart-Allmaras and k-epsilon turbulence models. These models are tested on buffeting problems
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with2Dairfoils.Wailfunctionshavebeenimplementedforbothturbulencemodelsinordertoperform3Dsimulationswiththe
Dyvaswing.
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1999_3527_31 Air Force Research Lab., Aeronautical Sciences Div., Wright-Patterson AFB, OH USA
Noon-Linear Fh_id a_d Structures Interaeti(_n Simulation

Melville, Reid B., Air Force Research Lab., USA; Gordnier, Raymond E., Air Force Research Lab., USA;

CEAS/AIAA/ICASE/NASA Langley Intemationai Forum on Aeroelasticity and Structurai Dynamics 1999; June 1999, Pt. 2, pp.

735-746; In English; See also 19990052675; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

A dynamic aeroelastic solver is used to simulate several fluid-structure interactions with highly non-linear flowfields. A

Beam-Warming, approximate factored algorithm, coupled with a linear, second-order structural model via subiteration, becomes

a fully implicit, second-order accurate aeroelastic solver. Key issues for accurate aeroelastic simulation are discussed and

highlighted by examples. These include geometric conservation, temporal synchronization of the fluid and structural state, full

coupling and feedback between the solvers, and non-linear flow features that drive aeroelastic stability and require high levels

of spatial discretization.
Author
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1999g_53145 Southampton Univ., UK

CFD Predicfi_ms of _he Inf_ence _ff External A_r|l(_w (_n Helicopter Opera_ions Wherl Operating Fr(_m SMp Flight Decks

Wakefield, N. H., Southampton Univ., UK; Newman, S. J., Southampton Univ., UK; Wilson, R A., Southampton Univ., UK; Fluid

Dynamics Problems of Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp. 2-1 - 2-10; In English; See also

19990053143; Copyright Waived; Avail: CASI; A02, Hardcopy; A03, Microfiche

A CFD model of a hovering helicopter main rotor is developed to examine airflow in the presence of ship structures and side

winds. The rotor is modelled by modifying the governing Navier-Stokes equations in the region of the disc. The extra terms added

to the governing equations apply a downforce to the fluid; these forces are independent of the flow around the rotor and equal to

the helicopter weight. The boundaries of the computational domain are also modified in order to generate a physically correct

solution. Flow solutions in both two and three dimensions are achieved using the commercial flow solver CFX 4.1. The flow

solutions exhibit very good correlation with established momentum and power principles. In order to model helicopter operations

from a ship's flight deck, typically a frigate, the rotor is modelled at several positions above a ship profile. Cross winds are applied

to the computational domain. The thrust of the rotor is held constant and the resulting flow solutions are calculated. The power

exerted at the rotor is obtained and compared to the ideal hover condition and computational flow solution. The flow solutions

show that the airflow accelerates over the flight deck and a helicopter operating in this region encotmters large cross winds and

velocity gradients. The results also show that the helicopter control margins are more likely to limit the safe operating limit than

the power margin. Using the modified boundary conditions, this method demonstrates the viability of CFD for predicting the ship

airwake and the reduced power margins a helicopter experiences whilst operating in the vicinity of the ship. This study has been

exploratory and limited by computing resources, but future models will include helicopter fuselage, tail rotor, time dependent

boundary conditions and dynamic flight.
Author

Helicopter Control; Computational Fluid Dynamics; Navier-Stokes Equation; Mathematical Models; Loads (Forces); Boundary

Conditions; Predictions; Rotary Wings

1999_5314g Defence Evaluation Research Agency, Aero/Structures Dept., Farnborough, UK

Pre, dicti_n of Ship Air Wakes Over _i'_igh_ Decks Using CFD

Tattersall, R, Defence Evaluation Research Agency, UK; Albone, C. M., Defence Evaluation Research Agency, UK; Soliman,

M. M., Defence Evaluation Research Agency, UK; Allen, C. B., Bristol Univ., UK; Fluid Dynamics Problems of Vehicles

Operating Near or in the Air-Sea Interface; February 1999, pp. 5-1 - 5-12; In English; See also 19990053143; Copyright Waived;

Avail: CASI; A03, Hardcopy; A03, Microfiche

A Computational Fluid Dynamics (CFD) method is presented for calculating the airflow over a ship superstructure, with

emphasis on the flow over aft-located helicopter decks on conventional naval ships. The non-aligned grid generation and flow

solution methods are described, including discussion of the modelling of time-accuracy and rotor downwash effects. Work on the
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couplingoftheCFDresultswitharotorperformancecode(CRFM)isalsodescribed.Examplesolutionsareshowntoillustrate
thecurrentcapabilitiesofthemethod.
Author
Computational Fluid Dynamics; Ships; Wakes; Air Flow; Rotors

1999_5315_} Institute for Aerospace Research, Aerodynamics Lab., Ottawa, Ontario Canada

Autolysis of Patro| Frigate Air Wakes

Zan, S. J., Institute for Aerospace Research, Canada; Syms, G. E, Institute for Aerospace Research, Canada; Cheney, B. T.,

Institute for Aerospace Research, Canada; Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea Interface;

February 1999, pp. 7-1 - 7-14; In English; See also 19990053143; Original contains color illustrations; Copyright Waived; Avail:

CASI; A03, Hardcopy; A03, Microfiche

The operation of helicopters from a ship-based platform is a challenging procedure from a pilot's perspective. In addition to

maneuvering near a moving platform, the pilot must respond to the complex, tmsteady flow field which exists over the flight deck.

The flow over the ship superstructure generates an air wake which contains significant spatial gradients in the mean wind velocities

as well as increased turbulence levels; both may significantly alter the performance of an immersed helicopter rotor, to address

this issue completely, one must deal with a fully-coupled problem including both the helicopter rotor and the ship air wake.

However, as a first step, the ship air wake can be mapped out to estimate what inflow the rotor might experience. A program is

under way in the National Research Council of Canada Aerodynamics Laboratory (NRC/AL) to analyze the air wake formed

behind the Halifax-Class Patrol Frigate (CPF). It contains an experimental component and a computational one. Using hot-fill

anemometers and the AL 5m Vertical Wind Tunnel, the experimental element maps out the flow field (14x13x16 matrix) in the

vicinity of the flight deck of a 1:50 scale CPF model at 0 deg yaw and 12 deg yaw. The region measured included the boundaries

of the recircnlation zone that exists behind the hangar. An atmospheric boundary layer profile was created by placing a set of
horizontal rods upstream of the model, which generated a properly scaled variation of mean velocity with height, to complement

this work the flow field around a modified CPF was computed using a Navier-Stokes flow solver. This modification exists for

these experiments only. No such modifications exists on the real ships. In order to facilitate grid generation, simplifications were

made to the bridge and several of the smaller structures aronnd the flight deck were removed. A structured, mnlti-block,

pressure-based Navier-Stokes flow solver was used to compute the steady-state flow field. The atmospheric bonndary layer was

included in the numerical simulation. This modified ship geometry was also placed in the wind tunnel for validation of the

numerical solutions. The results of the wind tunnel experiments show the recirculating zone behind the hangar as well as the

asymmetries in the flow field caused by a 20 mm Phalanx CIWS fonnd on the starboard roof of the hangar. The numerical results

agree favourably with the modified CPF experimental results and give further details of the air wake.
Author

Wakes; Numerical Analysis; Flow Distribution; Steady State; Unsteady Flow; Atmospheric Boundary Layer; Navier-Stokes

Equation; Rotary Wings; Wind Velocity

i_999_53151 Defence Evaluation Research Agency, Flight Management and Control Dept., Bedford, UK

_odeHing and Simu|ation of Ship Air Wakes for Helicopter ()pera_ion_: A Collabora_De Ve,_t_J'e,

Wilkinson, C. H., Defence Evaluation Research Agency, UK; Zan, S. J., Institute for Aerospace Research, Canada; Gilbert, N.

E., Defence Science and Technology Organisation, Australia; Funk, J. D., Naval Air Warfare Center, USA; Fluid Dynamics

Problems of Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp. 8-1 - 8-12; In English; See also 19990053143;

Copyright Waived; Avail: CASI; A03, Hardcopy; A03, Microfiche

The development of simulation for application to the helicopter-ship dynamic interface has been an activity under an

international collaborative panel of The Technical Co-operation Programme since 1990. Modelling the ship air wake and its effect

on the helicopter behaviour is regarded by the panel as one of the most significant technical challenges. Increasing the fidelity

in this area can enhance the effectiveness of simulation in research, qualification and training, and open up opportunities to predict

and correct for 'troublespots' in the design of new ships. A number of approaches are being pursued concurrently aimed at

applying Computational Fluid Dynamics and other, more empirical, analyses to achieve a modelling capability. All participants

in the collaboration are also actively involved with conducting full- and model-scale testing to gain an improved understanding

of the key features of the air wake topology and to develop a validation database. This paper details the collaborative efforts being

pursued by the member nations, nnder the coordination of the authors. It summarises the work being conducted and draws together

the various research aspects and validation tests. The aim is to present a comprehensive and co-ordinated approach to modelling

and simulation of the air wake problem at the dynamic interface, putting into an operational context the more technical aspects

63



tobediscussedelsewhereintheSymposium.Thepaperdemonstratestheapplicationofairwakepredictioninshipandaircraft
design,andthevalueof air wake simulation in research and training.
Author

Computational Fluid Dynamics; Wakes; Ships; Aircraft Design; Computerized Simulation

_999_53_52 Tsentralni Aerogidrodinamicheskii Inst., Moscow, US SR

The Exper_e_ce _l_ Ae_dy_am_c D_sturba_ces Research |_eh_d a_ Ai_c_a|_-Ca_rier Ship w_h E_eme_ts f_w Safe

Operatio_ of Ship-Ba_ed Aircrafl

Maslov, L. A., Tsentralni Aerogidrodinamicheskii Inst., USSR; Valuev, N. O., Tsentralni Aerogidrodinamicheskii Inst., USSR;

Zharinov, A. V., Tsentralni Aerogidrodinamicheskii Inst., USSR; Fluid Dynamics Problems of Vehicles Operating Near or in the

Air-Sea Interface; February 1999, pp. 9-1 - 9-6; In English; See also 19990053143; Copyright Waived; Avail: CASI; A02,

Hardcopy; A03, Microfiche

A opinion about some reasons of relatively late appearance of the first aircraft carrier in the Soviet Navy is expressed. TsAGI's

works for provision of aerodynamic compatibility of ship-based aircraft and carrier are described. The works were directed on

development of methodology of estimation of wind flow disturbances over flight deck and behind carrier by model experiment

in wind tunnel. Its aim was design and realization of measures of reduction of these disturbances and its gradients up to level

required for takeoff landing operation safety. Numerous model tests of different ship architecture variants allowed to study the

mechanism of flow formation and to estimate the effects of motion ship kinematic parameters relative to wind and of some features

of ship architecture on the flow structure. Some recommendations were developed and created on aircraft-carrier cruiser "Minsk"

for deck flow leveling. The range of relative wind angles was determined for safe landing on carrier "Admiral Kuznetsov'.
Author

Aircraft Carriers; Aerodynamics; Takeoff," Ships; Kinematics

1999_}53:_53 Bombardier Services Corp., Dynamics Interface Program, Arlington, VA USA

S_rm_afio_ Tc_¢fls_n _he Ca_culat_m _l_A_reraft-Sh_p I_erl_ace Operafio_al Lim_,s Appliea_#m des Ou_i_s de Simuh_gi_m

pour le Calcul des Lim#es Operat_onnelles de Flnte_face Dynamique Aerone_:Navire

deFerrier, Bernard, Bombardier Services Corp., USA; Langlois, Bernard, Bombardier, Inc., Canada; Fluid Dynamics Problems

of Vehicles Operating Near or in the Air-Sea Interface; February 1999, pp. 10-1 - 10-12; In English; See also 19990053143;

Copyright Waived; Avail: CASI; A03, Hardcopy; A03, Microfiche

Helicopters operating from small ships are limited in the maritime environment by high winds and rough seas. In addition,

man-made obstacles, such as, hangar wall generated turbulence, ship stack hot gas motor ingestion, inappropriate deck lighting

and markings limit helicopters. Dynamic Interface (DI) is defined as the study of the relationship between an air vehicle and a

moving platform. It is performed to reduce risks and maximize operational flexibility. Countries with a large number of platforms

conduct DI testing as a matter of necessity. An analytic approach to helicopter/ship dynamic interface testing is presented. A brief

synopsis of the theory and calculation of the ship motion simulation program is presented. The Ship Motion Simulation (SMS)

model is derived from the relationship between the wave and ship motion spectrum. It incorporates seakeeping philosophy and

applies various definitions of seaway spectral formulation. SMS defines a seaway, computes the hydrodynamic and hydrostatic

forces imposed on a ship (defmed as the product of its transfer function and the seaway) and calculates a resulting ship time history.

The simulation is an extensive treatment of a floating object's response to the dynamic loads on its structure. The application of

ship motion simulation as a developmental operational tool is introduced. The primary application of the SMS is in operational

simulation such as aircraft launch and recovery; deck handling; and flight readiness or availability. The Aircraft/Ship Interface

Simulation (DI) is a mathematical description of conditions limiting the availability of an air vehicle. Factors affecting an air

vehicle on a moving platform are primarily ship motion; wind-over-deck; ship airwake turbulence; and deck conditions (wet, dry,

oily obstructed, etc). Sample helicopter/ship interface operational limits or envelopes are discussed. Spin-off projects into other

field of growth, such as visual aids, are developed.
Author

Computerized Simulation; Motion Simulation; Helicopters; Ships; Operational Problems; Wind Velocity; Sea Roughness

:1999_E_31_5 Technische Univ., Ship Hydromechanics Lab., Delft, Netherlands

_ofio_s a_d Added _es_ta_ee due t_ Waves _|° Surl_aee Effect Sh_p_

Moulijn, Joost C., Technische Univ., Netherlands; Fluid Dynamics Problems of Vehicles Operating Near or in the Air-Sea

Interface; February 1999, pp. 12-1 - 12-10; In English; See also 19990053143; Copyright Waived; Avail: CASI; A03, Hardcopy;
A03, Microfiche
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ThispaperpresentsacomputationalmethodformotionsandaddedresistanceduetowavesofSurfaceEffect Ships. The

computed added resistance only includes the added resistance of the air cushion. This added resistance component was believed

to be the largest. The results of the computational method are compared to experimental results of MARIN and to results of new

experiments which are carried out at the Ship Hydrodynamics Laboratory of Delft University of Technology. The computed

motions and cushion excess pressures agree well with the MARIN results. The computed added resistance is however much

smaller than the added resistance that was measured by MAR/N. This discrepancy was the major reason for the new experiments.

The aim of the new experiments is to get insight into the magnitude and origin of added resistance of SESs. The new experiments

are still in progress at the time this paper had to be delivered. This paper presents therefore only some first results of these
experiments. The new experiments show that the added resistance of the air cushion is not large. The new results for added

resistance are reasonable agreement with the computational results.
Author

Surface Effect Ships; Ground Effect Machines; Computation; Experiment Design

]999_53_ 6_ Academy of Sciences of the Ukraine, Inst. of Mathematics, Machines and Systems Problems, Kiev, Ukraine

]_|ydrodynamk_ Cbaracteristk_,_ of Rudders Operating Jn Air:Sea I_terface

Savchenko, V. T., Academy of Sciences of the Ukraine, Ukraine; Fluid Dynamics Problems of Vehicles Operating Near or in the

Air-Sea Interface; February 1999, pp. 17-1 - 17-10; In English; See also 19990053143; Copyright Waived; Avail: CASI; A02,

Hardcopy; A03, Microfiche

Results of experiments with a series of rectangular and triangular (in plane) foils are described. These foils have a wedge

profile and function nearly as a solid body. Three conditions of flow around the foil were being guaranteed: a continuous, a

cavitating and continuous with a gas-liquid layer (Gll) at the body. The research permitted us to find some effects and to design

a special foil operating effectively at the body with a gas layer.
Author

Hydrodynamics; Cavitation Flow; Unsteady Flow; Hydrodynamic Coefficients; Aerodynamic Characteristics

i1999_5276_._ NASA Glenn Research Center, Cleveland, OH USA

A New _'_eth_d t_ Meas_re Temperature a_d _._ur_er Patter_ ]Fact_n" Sensing f_r Active Engine C_ntr_

Ng, Daniel, NASA Glenn Research Center, USA; May 1999; 10p; In English

Contract(s)/Grant(s): RTOP 274-00-00

Report No.(s): NASA]TM-1999-209090; E-11675; NAS 1.15:209090; No Copyright; Avail: CASI; A02, Hardcopy; A01,
Microfiche

The determination of the temperatures of extended surfaces which exhibit non-uniform temperature variation is very

important for a number of applications including the "Burner Pattern Factor" (BPF) of turbine engines. Exploratory work has

shown that use of BPF to control engine functions can result in many benefits, among them reduction in engine weight, reduction

in operating cost, increase in engine life, while attaining maximum engine efficiency. Advanced engines are expected to operate

at very high temperature to achieve high efficiency. Brief exposure of engine components to higher than design temperatures due

to non-nniformity in engine burner pattern can reduce engine life. The engine BPF is a measure of engine temperature uniformity.

Attainment of maximum temperature uniformity and high temperatures is key to maximum efficiency and long life. A new

approach to determine through the measurement of jnst one radiation spectrum by a multiwavelength pyrometer is possible. This

paper discusses a new temperature sensing approach and its application to determine the BPE
Author

Temperature Measurement; Procedures; Turbine Engines; Temperature Sensors; Detection; Active Control

i_9_9_5_93_} DaimlerChrysler Aerospace A.G., Military Aircraft, Munich, Germany

Self-Induced Brake T(wque OscJllathn_s of La_d_ng Gear as an |_teractJon (ff N(_n-L_ear _'yre w_t:h Brake C_ntr(_ System

Luber, Wolfgang G., DaimlerChrysler Aerospace A.G., Germany; CEAS/AIAA/ICASE/NASA Langley International Forum on

Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 211-224; In English; See also 19990050911; No Copyright;

Avail: CASI; A03, Hardcopy; A04, Microfiche

The paper describes Brake Torque Oscillations at Brake Initiation as a quasi self-induced oscillation due to the interaction

of non-linear tyre circumferential force characteristics with the brake control system. Usual means to suppress oscillation

(dampers or modification of landing gear geometry) are ineffective in this case. This case demonstrates that not only unsuitable

combinations of structural stiffness, damping, and pneumatic tyre characteristics may lead to unexpected vibration problems on

landing gears. Rather, an unlucky combination of brake system design with the peculiarities of circumferential force development

by a tyre can also produce a serious vibration problem. In a series of development rig tests for a fighter aircraft brake system, some
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testswerescheduledtodemonstratethefastestpossiblebrakeforceriseathighspeed.A fastbrakeforcerisewasconsideredto
yield,atleastintheory,theshortestpossiblelandinggroundrundistance.
Author
Dynamic Structural Analysis; Landing Gear; Aircraft Brakes; Wheel Brakes; Braking; Oscillations

1999{_5_931 Allied-Signal Aerospace Co., Aircraft Landing Systems, South Bend, IN USA

N_linear Transie_t WhM Vi|)ra_io_ Analysis of Aircraft Brake Systems

Chang, Craig E, Allied-Signal Aerospace Co., USA; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity

and Structural Dynamics 1999; June 1999, Pt. 1, pp. 225-234; In English; See also 19990050911; No Copyright; Avail: CASI;

A02, Hardcopy; A04, Microfiche

The objective of this paper is to present a nonlinear transient analysis method for understanding and solving aircraft brake

whirl vibration problems. Mathematical modeling and derivations of the brake mechanism, which include the hydraulic

interaction between the brake and the fluid, will be discussed. The factors that influence whirl will be presented. Potential methods

for resolving whirl vibration will also be discussed.
Author

Aircraft Brakes; Wheel Brakes; Aircraft Hydraulic Systems; Rotary Stability; Mathematical Models; Nonlinearity; Dynamic

Structural Analysis; Rotation; Vibration

1999_49272 Southwest Research Inst., San Antonio, TX USA

Re|iaM|i_y Study of Mag_et_Op_ic (MO[) Imaging [nspecfi_n _ff C_5 Aircral_ Fuselage

Fisher, Jay L., Southwest Research Inst., USA; Burkhardt, Gary L., Southwest Research Inst., USA; Stolte, Jeffrey S., Southwest

Research Inst., USA; Buckingham, Janet R, Southwest Research Inst., USA; McKeighan, Peter C., Southwest Research Inst.,

USA; Fitzgerald, Jack, Southwest Research Inst., USA; Burkhardt, George, San Antonio Air Logistics Center, USA; The Second

Joint NASA]FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 230-239; In English; See also 19990049248; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

A program was recently conducted for the San Antonio Air Logistics Center (SA-ALC) at Kelly Air Force Base (AFB) to

quantify the reliability of the magneto-optic eddy current imaging (MOI) inspection system developed by PRI Instrumentation

for detecting defects in the skin of the C-5 aircraft fuselage. The primary emphasis was determination of probability of detection

(POD) of ftrst-layer cracks extending radially past the edge of the fastener head. Secondary goals were to make limited assessment

of the capabilities of the MOI technique for detecting corrosion and second-layer cracks. In order to provide realistic POD

estimates, experiments were conducted to identify significant variables-the range of test conditions and conditions found in

aircraft that adversely affect the performance of the MOI system. Variables found to be significant included flaw orientation

(parallel or perpendicular to the first layer edge), fastener-to-edge spacing, fastener-to-fastener spacing, fastener head height, paint

thickness, skin curvature, and MOI excitation frequency and power level. Variables found to be not significant for ftrst-layer flaws

were fastener diameter, first- and second-layer thicknesses, and second-layer geometry. A statistically designed experimental

program was developed to determine POD in aircraft conditions as determined from measurements taken on an aircraft.

Specimens containing fatigue cracks were fabricated according to this experimental design. Procedures were written, and Kelly

AFB inspectors were trained in the use of the MOI equipment and procedures. Four of the trained inspectors were given blind

tests using the specimens. Separate tests were conducted with aluminum, titanium, and steel fasteners. The results were tabulated

separately for each of the three different fastener types, and also separately for cracks that are connecting (i.e., that link two

fasteners or a fastener and an edge) and nonconnecting. The Air Force criterion for acceptable performance was a POD of 90

percent with a 95-percent lower confidence bound for first-layer fatigue cracks 0.17 inch (4.3 mm) or more in radial length from

the edge of the fastener head. The results were that this criterion could be met with aluminum and titanium fasteners for cracks

which are nonconnecting. For connecting cracks, the criteria were almost met for aluminum and titanium fasteners. For steel
fasteners, the criterion was not met in either case. As a result of this work, PRI Instrumentation has made improvements to the

MOI system to address the difficulties found, and the POD tests will be repeated in the near future.
Author

Magneto-Optics; Imaging Techniques; Cracks; Fault Detection; C-5 Aircraft; Fuselages; Structural Analysis

1999_49273 Northwestern Univ., Evanston, IL USA

Quantitative Invesfigafio_ _|° Surface and S_bsurface Cracks Near Rive_s _n R_ve_ed Jo_ts _lsi_g Acoustic_ E_ectron a_d

Optical Mierusc(_py
Connor, Z. M., Northwestern Univ., USA; Fine, M. E., Northwestern Univ., USA; Achenbach, J. D., Northwestern Univ., USA;

The Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 240-243h; In English; See also
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19990049248;SponsoredinpartbyanAmeliaEarhartfellowshipfromZontaInternational;NoCopyright;Avail:CASI;A03,
Hardcopy;A04,Microfiche

Thescanningacousticmicroscopewaspreviouslyshownto beusefulforquantitativelyinvestigatingsubsurfacefatigue
cracksatandnearcountersunkrivetsinrivetedlapjointspecimens.Suchcracksinitiallyformoninnersurfacesandarenotvisible
ontheoutsidesurface.Whencombinedwithopticalandelectronmicroscopicexaminationofthesurfaceandwithfractography
offracturedspecimens,theformationandgrowthofsubsurfacecracksnearrivetsmaybecharacterizedindetail.Adetailedstudy
ofcrackformationandmicrocrackgrowthnearrivetsispresented.Observationsweremadeonspecimensfabricatedfromtwo
piecesofAlclad2024-T3sheetsrivetedwith2017-T4aluminumalloyflatheadchamferedrivets.Specimenswerefatiguedin
tensionwithanRratioof0.1.Theinteriorcracklengthsandcrackgrowthratesasshownbytheacousticmicroscopearecompared
tothecracklengthsandcrackgrowthratesafterthecracksbrokethesurfaceasshownbythelightmicroscope.Plotsofsubsurface
cracklengthvs.cyclenumbershowslowalmostlineargrowthvs.time.However,whenthecrackbreaksthroughtheoutersurface,
i.e.,becomingathroughthethicknesscrack,thecrackgrowthrateincreasedrapidly.Thelengthofthecrackonthebacksurface
ofthecountersunkpanelremainslongerthanthelengthofthecrackonthefrontsurfaceofthespecimenevenwithcracksseveral
mmlong;thegrowthratealongthecrackfrontisconstant.Fractographicexaminationofaspecimenwhichwasfatigueduntil
acrackwasjustbarelyvisibleintheacousticmicroscopebutnotseenonthesurfacerevealsmultiplecracksoneachsideofthe
rivethole.Thecracksinthesespecimensappearstobequalitativelyidenticaltosomecracksveryclosetosinglerivetcracksin
fullscalefuselagetesting.FASTRANII analysis,developedbyDr.JamesC.Newman,Jr.wasperformed,andthepredictions
ofcracklengthvs.cyclesfromthisanalysisarecomparedtotheresultsobtainedintheseexperiments.
Author
Structural Analysis; Aircraft Structures; Cracks; Riveted Joints; Lap Joints; Crack Propagation; Crack Initiation; Microcracks;

Microscopy; Applications Programs (Computers)

:1999_4_274 Johns Hopkins Univ., Center for Nondestructive Evaluation, Baltimore, MD USA

Non-Contact Ultrasol_ic NDE Syste.m_ for Aging Akcraft

Green, Robert E., Jr., Johns Hopkins Univ., USA; Djordjevic, B. Boro, Johns Hopkins Univ., USA; The Second Joint

NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 244-251; In English; See also 19990049248; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

This paper will describe the advantages of non-contact ultrasonic systems under development for the early detection of fatigue

and corrosion damage in aging aircraft.
Author

Ultrasonics; Fault Detection; Structural Analysis; Aircraft Structures; Systems Engineering

i1999_4_)275 NASA Langley Research Center, Hampton, VA USA

Evaluation o_°the SeH'-Nulli_g Retafing Eddy C_rrel_t Probe System

Hagemaier, Don, Boeing Co., USA; Rengel, Kent, Boeing Co., USA; Wincheski, Buzz, NASA Langley Research Center, USA;

Namkung, Min, NASA Langley Research Center, USA; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft;
January 1999, Pt. 1, pp. 252-264; In English; See also 19990049248; No Copyright; Avail: CASI; A03, Hardcopy; A04,
Microfiche

In order to detect multi-site fatigue cracks located under flush-head rivets, automated eddy current equipment is required.

to assure a reliable system, the eddy current probe must be centered easily over the installed rivets, to meet these requirements,

the NDE Group at NASA LaRC developed the Self-Nulling Rotating Eddy Current Probe System (SNRECPS) which will be

referred to as RPS in this document. The system was evaluated at the FAA, NDI Validation Center, in Albuquerque, New Mexico.

The system was capable of detecting a 0.032 inch long crack with a 90/95% PoD. Further evaluations were conducted at Boeing

in Long Beach, California. These evaluations included fatigue cracks and notches in a range from 0.025 to 0.100 inch long under

flush-head aluminum rivets, and titanium or steel flush-head fasteners. The results of these tests are reported herein. Subsequently,

the system was loaned to the USAF Structures Laboratory for the purpose of detecting and measuring short cracks under

flush-head rivets in a variety of fatigue test specimens. The inspection task was to detect and plot crack growth from numbered

fasteners in lettered rows. In January, 1998, the system was taken to Northwest Airlines Maintenance Base, in Atlanta, to inspect

a DC-9, for multi-site cracks in three circumferential splices. The aircraft had 83,000 cycles. The inspection was conducted at 30

kHz from longeron 5 left to longeron 5 right. The system was calibrated using a 0,030 EDM first layer notch. The instrument gain

was set to 19 mV from the notch. The reject level was set at 10 mV and the unflawed fasteners yielded a signal amplitude of 2

to 3 mV. Only one fastener location, out of about 2,500 tested, yielded a signal of 58 mV. The rivet was removed and visually

evaluated. It appeared to be a slight gouge in the counter-sink zone. No fatigue cracks were detected. The same fastener locations
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werealsoinspectedusingtheBoeingMAUSsystemat60kHz.Nocracksweredetected.Thusfar,therotatingprobeeddycurrent
systemhasbeenfoundtobeveryuserfriendlyandcapableofdetectingfirstlayercracksontheorderof0.030inchlongorlonger.
Author

Fault Detection; Cracks; Eddy Currents; Structural Analysis; Airframes; Riveted Joints

i_999_49276 Wayne State Univ., Inst. for Manufacturing Research, Detroit, MI USA
'I'l_e_'ma_ Wave NDI of Di_bo_ds and Corru_ion in Aircraf_

Han, Xiao-Yan, Wayne State Univ., USA; Favro, L. D., Wayne State Univ., USA; Thomas, R. L., Wayne State Univ., USA; The

Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 265-274; In English; See also
19990049248

Contract(s)/Grant(s): DTFA03-98-D-00008; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

We describe advances in the application of thermal wave imaging to NDI of disbonds and corrosion in aging aircraft. This

technique uses an infrared (IR) video camera to image the surface of the aircraft after the application of a short pulse of heat. The

heat is applied by high-power xenon flash lamps. The camera and flashlamps are connected to the control computer by a 50-fl

cable. This design makes it highly portable, as well as suitable for robotic manipulation. The computer is used to process the digital

video data stream from the IR camera, as well as to display the resulting images. The imaging requires only a few seconds per

square foot of aircraft surface. The system is capable of detecting and measuring as little as 1% metal material loss. Disbonded

metal-to-metal doublers are readily detected, and disbonds and delaminations in graphite and boron fiber composite structures

can be imaged and their depths measured. Examples of disbonds as deep as 36 plies under a boron patch are presented, along with

an example of discrimination of impact damage on a ply-by-ply basis in a carbon fiber composite.
Author

Aircraft Structures; Structural Analysis; Infrared Imagery; Imaging Techniques; Fault Detection; Delaminating; Debonding

(Materials); Thermal Mapping; Corrosion

i_999_49277 Lehigh Univ., Dept. of Mechanical Engineering and Mechanics, Bethlehem, PA USA

Aging of Airframe Materials: Probabi|ity of Occurrence Versus Probability of Detectk_n

Harlow, D. Gary, Lehigh Univ., USA; Wei, Robert P., Lehigh Univ., USA; The Second Joint NASA/FAA/DOD Conference on

Aging Aircraft; January 1999, Pt. 1, pp. 275-283; In English; See also 19990049248

Contract(s)/Grant(s): F49620-96-1-0245; F49620-98-1-0198; FAA-92-G-0006; No Copyright; Avail: CASI; A02, Hardcopy;

A04, Microfiche

The reliability of airworthiness assessment and the management of aging fleets of aircraft depend critically on the quality

of tools for predicting damage nucleation and accumulation and its detection, i.e., on the interrelationship between the

probabilities of occurrence and detection. To illustrate these interrelationships, a mechanistically based probability approach for

one plausible scenario involving localized pitting corrosion and subsequent fatigue crack nucleation and growth is presented. A

probability of detection based on typical non-destructive evaluation data is used for comparison and probabilistic assessment. The

results suggest that the probability of detection using the state-of-the-art techniques is inadequate, and damage size should be

quantitatively characterized as a part of an effective airworthiness assurance methodology. An appropriate nondestructive

inspection target for damage sizes of about 0.10 mm with a probability of detection and a confidence level of sizing of at least

90% is suggested, versus the current capability of detection of 1.27 mm with a probability of detection of only 50%.
Author
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Probability Theory

:1999_4_27g Ogden Air Logistics Center, Hill AFB, UT USA

Crack l)etecfi_m and Monitoring of Aging Aiv_'ames

Phelps, Neal, Ogden Air Logistics Center, USA; May, Scott, Department of the Air Force, USA; Hangse, Eric, Boeing Phantom

Works, USA; Leeks, Tamara, Boeing Phantom Works, USA; Johnson, Pat, Boeing Phantom Works, USA; Ziola, Steve, Digital

Wave Corp., USA; Dorighi, John, Digital Wave Corp., USA; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft;

January 1999, Pt. 1, pp. 284-293; In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy; A04,
Microfiche

Reducing structural operation and support (O&S) costs is a primary objective for those responsible for system operation and

sustainment. Flying aircraft longer and harder than originally expected, as we do today, makes this objective difficult to achieve.

One way to reverse this trend and lower O&S costs of aging aircraft, is to perform automated inspections of the airframe. Present

day computer technologies make it possible to install a small, autonomous computer and sensor system on an aircraft to monitor
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difficultandcostlytoinspectstructurallocations.Thehealthofthemonitoredlocationcouldbedeterminedbytheenduser
throughnormaloperations(StandardFlightDataRecorderdownload)providinga significantreductionin scheduled
maintenance.Thispaperwillprovideanoverviewof anapproachthatwillautonomouslydetectandmonitorcrackgrowthin
aircraftstructures.TheoverviewwilldiscussthefinalresultsdevelopedundertheAFRLF-16CrackMonitoringSystemProof
ofConceptProgram,providebackgroundonsystemrequirementsandsummarizethepreliminarydesignoftheelectronicsand
softwarenecessaryforon-aircraftcrackmonitoring.
Author
Aging (Materials); Airframes; Fault Detection; Crack Propagation; Systems Health Monitoring; Computer Techniques; Acoustic
Emission

19990_49280 Acoustic Emission Monitoring Services, Inc., Kingston, Ontario Canada

Use (ff Acoustk_ Emission _Ionitoring _o l)etecL L(_ca_e a_d Measure _,_[u_iple Si_e Damage (_[SD) Fatigue Crack Growth
Underneath Rive|: Heads

McBride, Stuart L., Acoustic Emission Monitoring Services, Inc., Canada; Scott, Jason P., Carleton Univ., Canada; Eastaugh,

Graeme E, Institute for Aerospace Research, Canada; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft;

January 1999, Pt. 1, pp. 303-312; In English; See also 19990049248

Contract(s)/Grant(s): DND -3GB 12W7711-7 -7370; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

This presentation describes an investigation into the feasibility of using acoustic emission monitoring (AEM) for the detection

and measurement of multiple site damage (MSD) fatigue cracks underneath the rivet heads of a fuselage skin splice during

laboratory fatigue testing. There are currently no other known laboratory or in-service methods for the measurement of cracks

under rivet heads. Furthermore, the only technique available for constructing crack growth curves for such situations is that of

counting microscopic fatigue striations. A special MSD test specimen was used to simulate a fuselage splice. The specimen was

manufactured from aluminum alloy 2024-T3 and was roughly representative of the skin splices in some pressurized transport
aircraft fuselages. Constant amplitude fatigue loading was used to simulate fuselage pressurization cycles, and cracks were

allowed to nucleate naturally, i.e., without the use of artificial notches. The four central rivet holes in the critical rivet row of the

specimen were monitored using two pairs of piezo-electric sensors placed in a line 3.8 cm from the critical rivet row. The fatigue

test was terminated shortly after "visual initiation" - the appearance of the first crack beyond a rivet head. Post-test analysis was

performed using standard AEMS Inc. interactive software, except for some new algorithms that were developed to remove fretting

and rubbing noise at each rivet location. Crack growth curves showing crack face area vs. cycles were constructed for the period

of crack growth underneath the rivet heads. For these curves, the relationship between acoustic events and crack growth

increments was obtained by a separate calibration test on a coupon specimen containing a single countersunk open hole. The AEM

results were compared with fractographic measurements. The investigation indicated that the AEM techniques used could detect

small hidden cracks under rivet heads and that it might be possible to obtain useful crack growth curves showing crack face area

vs. cycles from AEM data alone. Individual crack growth curves could be obtained when there was only one crack on one side

of a rivet hole. Otherwise, there was ambiguity in the time-of-flight data and only curves showing aggregate crack area could be

constructed. Acoustic events translated into clearly defined crack growth curves at all the monitored holes. Such curves initiated

at all holes at between 60% and 70% of the visual initiation period of the specimen, indicating that hidden MSD had developed

long before the first crack was detected visually. The crack face areas associated with these AEM detection points were estimated

to be about 0.1 sq. mm - i.e., about 10% of the area of a visibly detectable crack. Additional tests are planned to confirm the results,

determine the consistency and accuracy with which crack growth curves can be constructed, and develop routine test and analysis

procedures for application by trained (NDE) technicians.
Author
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Structural Analysis

]9990049284 Sandia National Labs., Airworthiness Assurance NDI Validation Center, Albuquerque, NM USA

Eva|uafi(_n of Commercial Thermography Systems for Quantitative C(_mp(_site I_spec_io_ Applications

Valley, Michael T., Sandia National Labs., USA; Roach, Dennis E, Sandia National Labs., USA; Dorrell, Larry R., Sandia

National Labs., USA; Ashbangh, Dennis M., Science Applications International Corp., USA; Mullis, Roy T., Warner Robins Air

Logistics Center, USA; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 339-348; In

English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

The expanded use of composite structures and the development of new composite repair techniques on U.S. Air Force (USAF)

aircraft has created the need for improved portable, quantitative NDI methods and systems that can be used by field-level USAF

NDI personnel. Recent advancements in thermal imaging technologies offer new inspection capabilities that can reliably meet
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this need. As part of a multi-phase program to field this technology, commercially available thermography systems are being

assessed in structured experiments and on-aircraft field evaluations. The recently completed structured experiments evaluated

quantitative inspection capabilities for bonded composite repair doublers and composite honeycomb structures and repairs.

Specifically, test specimens included real and simulated C-130 underwing doubler repairs, C-141 underwing and plank riser

doublers, C-141 engine cowlings, and F-15 rudders. Specimen flaws included disbonds, delaminations, and water and hydraulic

fluid ingress in both repaired and unrepaired structures. This paper discusses test specimen design, experiment results, and the

suitability of thermography for each composite inspection task under consideration.
Author

Aircraft Structures; Thermography ; Nondestructive Tests; Thermal Mapping; Fault Detection; Test Equipment

]999_}_51{_2{_ Pennsylvania State Univ., Applied Research Lab., State College, PA USA

Condition Monit_ri_g o_"Large-Scale Facilities

Hall, David L., Pennsylvania State Univ., USA; March 1999; 78p; In English; Original contains color illustrations

Contract(s)/Grant(s): NAG2-1182; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

This document provides a summary of the research conducted for the NASA Ames Research Center under grant NAG2-1182

(Condition-Based Monitoring of Large-Scale Facilities). The information includes copies of view graphs presented at NASA

Ames in the final Workshop (held during December of 1998), as well as a copy of a technical report provided to the COTR (Dr.

Anne Patterson-Hine) subsequent to the workshop. The material describes the experimental design, collection of data, and

analysis results associated with monitoring the health of large-scale facilities. In addition to this material, a copy of the

Pennsylvania State University Applied Research Laboratory data fusion visual programming tool kit was also provided to NASA
Ames researchers.

Derived from text
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i_999{}{_4773_ NASA Langley Research Center, Hampton, VA USA

Vibro-Ac(n_sJ:ics _'_oda_ _sting aJ.NASA Langley Research Ce_ter

Pappa, Richard S., NASA Langley Research Center, USA; Pritchard, Jocelyn I., Army Research Lab., USA; Buehrle, Ralph D.,

NASA Langley Research Center, USA; May 1999; 16p; In English; Aeroelasticity and Structural Dynamics, 22-25 Jun. 1999,

Williamsburg, VA, USA; Sponsored by National Oceanic and Atmospheric Administration, USA

Contract(s)/Grant(s): RTOP 632-10-14-04

Report No.(s): NASA/TM-1999-209319; L-17851; NAS 1.15:209319; ARL-TR-1980; No Copyright; Avail: CASI; A03,

Hardcopy; A01, Microfiche

This paper summarizes on-going modal testing activities at the NASA Langley Research Center for two aircraft fuselage

structures: a generic "aluminum testbed cylinder" (ATC) and a Beechcraft Starship fuselage (BSF). Subsequent acoustic tests will

measure the interior noise field created by exterior mechanical and acoustic sources. These test results will provide validation

databases for interior noise prediction codes on realistic aircraft fuselage structures. The ATC is a 12-ft-long, all-aluminum, scale

model assembly. The BSF is a 40-ft-long, all-composite, complete aircraft fuselage. To date, two of seven test configurations of

the ATC and all three test configurations of the BSF have been completed. The paper briefly describes the various test

configurations, testing procedure, and typical results for frequencies up to 250 Hz.
Author
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1999_}_49248 NASA Langley Research Center, Hampton, VA USA

The Sec()nd Joi_t NASA/FAA/DOD Conlk_,rence (m Aging Aircrafl_ Pt_ I

Harris, Charles E., Editor, NASA Langley Research Center, USA; The Second Joint NASA/FAA/DOD Conference on Aging

Aircraft; January 1999; 422p; In English; Aging Aircraft, 31 Aug. - 3 Sep. 1998, Williamsburg, VA, USA; Sponsored by NASA

Langley Research Center, USA; See also 19990049249 through 19990049288

Contract(s)/Grant(s): RTOP 538-10-00

Report No.(s): NASA/CP-1999-208982/PT1; L-17819A; NAS 1.55:208982/PT1; No Copyright; Avail: CASI; A18, Hardcopy;

A04, Microfiche

The purpose of the Conference was to bring together world leaders in aviation safety research, aircraft design and

manufacturing, fleet operation and aviation maintenance to disseminate information on current practices and advanced

technologies that will assure the continued airworthiness of the aging aircraft in the military and commercial fleets. The

Conference included reviews of current industry practices, assessments of future technology requirements, and status of aviation
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safety research. The Conference provided an opportunity for interactions among the key personnel in the research and technology

development community, the original equipment manufacturers, commercial airline operators, military fleet operators, aviation

maintenance, and aircraft certification and regulatory authorities. Conference participation was unrestricted and open to the

international aviation community.
Author

Aircraft Maintenance; Aging (Materials); Fatigue (Materials); Structural Reliability; Cumulative Damage; Aircraft Structures;

Aircraft Reliability; Conferences

i_999_49256 Naval Aviation Depot, Office of Research and Engineering, San Diego, CA USA

An Applicafio_ of [_'ractt_ve $'lecha_ics Principles in Deterraini_g a Service Life Enhanceraent ]Interval fi)r the US Navy's

C_2 ()u_er W_ng

Hocson, Alex R., Naval Aviation Depot, USA; White, Tommy N., Naval Aviation Depot, USA; The Second Joint

NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 63-69; In English; See also 19990049248; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

The Navy's C-2 aircraft have suffered unaccounted fatigue damage from a phenomenon not considered a likely source during

the original design and determination of their service life. This phenomenon, the addition of spectral loading caused by thermal

expansion of the outer wing panels (OWP's) in a stowed condition when exposed to turbine engine exhaust, produced compressive

field stresses in the wing's lower skin. These compressive stress magnitudes were as much as 30 to 40 percent of the lower skin

field stresses experienced from maximum service loads. As such, this nnacconnted condition has diminished the projected useable

life of the affected structure. Structural enhancements to extend the wing's fatigue life are being developed and tested to establish

an extended service life. This effort requires a corrected useable life for the original design so as to establish a suitable life interval
for enhancement incorporation. Since fleet requirements preclude the time necessary to accomplish an additional fatigue test

incorporating the thermal loading, a tear down examination of several relatively high service time outer wing panels was elected

as a representative and conservative sample of fleet assets. The tear down revealed small embedded cracks, less in size than what

is normally accepted as an initial flaw size for damage tolerance philosophy. Because safe life predictions incorporating thermal

expansion effects were considerably less than the tear down specimen lives, a life to a removable flaw size, was desired for

establishing an enhancement life. to accomplish this, a modified damage tolerance approach was adopted, to obtain the required

life, crack growth data from thermally adjusted spectrum tested coupons was used. The life for a flaw equivalent to the tear down

findings to grow to a removable, thus repairable flaw size, was determined and combined with the thermally adjusted life of the

full scale fatigue test (FSFT) article. This combined life was then factored with the appropriate scatter factors, as dictated by Navy

safe life policy, to obtain a life interval needed to define the enhancement schedule.
Author

C-2 Aircraft; Fracture Mechanics; Service Life; Crack Propagation; Wing Panels; Structural Analysis; Fatigue (Materials

i_999_,49257 Fatigue Technology, Inc., Seattle, WA USA

Deter'mining a_d A_aining Realistic I_pec_i(_n ThresI_o_ds _o Meet D_rabi_ity a_d Damage 'Ible_'ance Req_'ement_

Reid, Len, Fatigue Technology, Inc., USA; Restis, Jude, Fatigue Technology, Inc., USA; Swift, Tom, Fatigue Technology, Inc.,

USA; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 70-78; In English; See also

19990049248; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

A recent revision to the regulations governing fatigue and damage tolerance for commercial aircraft (FAR 25.571 amdt. 96)

requires inspection thresholds for certain types of structure based on crack growth from likely initial defects. The industry

challenge is how to economically achieve these requirements in new design. For certain situations, the USAF currently allows

the damage tolerance analysis to take credit for fatigue enhancement fastening systems and cold expanded holes by assuming a

smaller initial flaw size. Testing and in-service experience has shown this method to be conservative. More quantitative means

of accounting for the benefits of these fatigue-enhancing processes is needed. A method of determining a "modified" stress

intensity factor for fastener holes that have been processed to be fatigue resistant, using split sleeve cold expansion, was developed

by Boeing Wichita. This paper compares the smaller initial flaw size concept and the Boeing method for predicting crack growth

life with hole cold expansion to determine inspection thresholds.
Author

Commercial Aircraft; Aircraft Structures; Crack Propagation; Holes (Mechanics); Tolerances (Mechanics); Structural Ana&sis;

Fatigue (Materials)
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_999(_g}49262 Aerospatiale Aeronautique, Dept. A]BTE/CC/CM, Toulouse, France

An _gineering Approach to the Assessmem of Widespread Fatig_e Damage in Aircraft Str_ctures

Balzano, Marc, Aerospatiale Aeronautique, France; Beaufils, Jean-Yves, Aerospatiale Aeronautique, France; Santgerma, Alain,

Aerospatiale Aeronautique, France; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp.

124-131; In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

According to the recommendations of Advisory Circular AC91-56A, a full structural evaluation for Widespread Fatigue

Damage (WFD) will be completed at Aerospatiaie as part of the Airbus A300 extended service life activities. The approach

followed in this evaluation is based on a specific calculation method, supported by experimental results provided by tear-down
and analysis on a full-scale fatigue test and representative component tests. Research activities on the WFD phenomenon were

done at Aerospatiale a few years ago in the framework of a thesis conducted concurrently with European research program on

the same subject. Based on the Finite Element Method and Monte-Carlo simulations, an overall prediction method has been

developed to automatically simulate multiple crack development in a structure in a realistic way. The two main particularities of

this phenomenon, scatter at crack initiation and interaction effects, are taken into account. The same process allows different

ranges of analysis to be completed, depending on the required objective. Calculation results have been successfully compared with

tests performed on simple open hole and lap joint structures. This approach is now applied to the A300 aircraft structure.
Author

Damage Assessment; Aircraft Structures; Structural Analysis; Crack Initiation; Crack Propagation; Fatigue (Materials)

1999_4_263 Battelle Memorial Inst., Columbus, OH USA

_¥a_sport Risk Assessment Contai_ing Widespread Fafig_e Damage: TRACWFD Analyses (_" L(mgitudi_al a_d

Circuraferential Splice Joints to Determi_e the Onset of Widespread Fat_g_e Daraage and its Probability (_|°Occ_rrence

Kurth, Robert E., Battelle Memorial Inst., USA; Bigelow, Catherine A., Federal Aviation Administration, USA; The Second Joint
NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. l, pp. 132-144; In English; See also 19990049248; No

Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

A probabilistic analysis tool has been developed over the last two years to assess the damage progression in aging aircraft

and such damage's impact on the onset of widespread fatigue damage, the residual strength, and maintenance and inspections.

The analysis tool combines the results of previous Federal Aviation Administration, US Air Force, and National Aeronautics and

Space Administration developments into a fast, efficient mechanics model for the aging aircraft fleet. Studies have been concluded

examining a narrow-body jet longitudinal lap splice, wing, and circumferential lap and butt splices. Several predictions of the

time-dependent probability of the onset of widespread fatigue damage and the loss of residual strength have been made. More

importantly, the minimum crack sizes that must be able to be detected to maintain a risk level have been predicted. Times between

inspections, the impact of wail thinning due to corrosion, and initiation predictions can be studied with this tool. This paper will

present an overall description of the model and some of the results generated to date.
Author

Damage Assessment; Fatigue (Materials); Aircraft Structures; Structural Analysis; Residual Strength; Crack Initiation; Crack

Propagation; Cracking (Fracturing); Lap Joints

1999_49266 Tsentraini Aerogidrodinamicheskii Inst., Zhukovsky, Russia

Ensnaring Damage T(flerance (_f Aging A_reraft Str_e_res

Nesterenko, Grigory I., Tsentralni Aerogidrodinamicheskii Inst., Russia; The Second Joint NASA/FAA/DOD Conference on

Aging Aircraft; January 1999, Pt. 1, pp. 163-172; In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy;

A04, Microfiche

The principles of ensuring damage tolerance in Russian aging aircraft structures are outlined. The test scopes are presented

for fatigue and damage tolerance tests of full-scale structures for various new and long-operated aircraft. The residual strength

study results are generalized for full-scale wing and fuselage structures of various aircraft types affected by widespread fatigue

damages (WFD). Test values of crack resistance for the specimens cut out of new materials are compared with those taken from

long-operated aircraft wing and fuselage skins. Test data in fatigue and damage tolerance of new and long-operated structures are

presented. The results are given of determining corrosion damage growth time by measurement of corrosion in high-time

structures using probabilistic methods. The examples are presented of operating the aging aircraft structures with cracks.
Author

Aircraft Structures; Tolerances (Mechanics); Fatigue Tests; Fatigue (Materials); Cumulative Damage; Residual Strength;

Structural Analysis
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_(_9(_}5_}_)13 Manchester Univ., Dynamics and Aeroelasticity Research Group, UK

A Cornbi_ed M(_daHqrfite Eleme_t Analysis _chrfique _r NonH_ear Beam Dynarak: Re,_p<m,_e Under Harmonk:

Excitation

McEwan, Matthew I., Manchester Univ., UK; Wright, Jan R., Manchester Univ., UK; Cooper, Jonathan E., Manchester Univ.,

UK; Leung, Andrew Y. T., Manchester Univ., UK; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity

and Structural Dynamics 1999; June 1999, Pt. 1, pp. 13-22; In English; See also 19990050911; No Copyright; Avail: CASI; A02,

Hardcopy; A04, Microfiche

A method is proposed for modelling multi-mode large deflection beam response. Significant savings in computational time

can be obtained compared with the direct integration nonlinear finite element method. The deflections from a number of static

nonlinear finite element test cases are transformed into modal co-ordinates using the modes of the underlying linear system.

Regression analysis is then used to find the unknown nonlinear modal stiffness coefficients. The governing nonlinear equations

of motion are completed by including finite element derived modal mass, and an arbitrary damping model. The response of the

beam to excitation of an arbitrary nature may then be found using time domain numerical integration. The work presented here

extends upon the work of previous researchers to include non-coupled multi-modal response, and the effect of buckling due to

axial loads. The proposed method is applied to the case of a homogeneous isotropic beam, which is simply supported and axially

constrained at both ends. For the case of steady state harmonic excitation, results are compared with the direct integration nonlinear

finite element method.

Author

Modal Response; Finite Element Method; Dynamic Response; Harmonic Excitation; Aeroelasticity; Dynamic Structural

Analysis; Beams (Supports); Thermal Buckling

:_9(_9_5_92g Old Dominion Univ., Dept. of Aerospace Engineering, Norfolk, VA USA

N(mlinear Resp(m_e (_ Composite Panel_ Under Combined Ac(m_Hc Exci_aH(m a_d Aer(_dynamic Pressure

Abdel-Motagaly, K., Old Dominion Univ., USA; Duan, B., Old Dominion Univ., USA; Mei, C., Old Dominion Univ., USA;

CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp.

189-200; In English; See also 19990050911

Contract(s)/Grant(s): NAG1-2150; F33615-91-C-3205; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

A finite element formulation is presented for the analysis of large deflection response of composite panels subjected to

aerodynamic pressure- at supersonic flow and high acoustic excitation. The first-order shear deformation theory is considered for

laminated composite plates, and the von Karman nonlinear strain-displacement relations are employed for the analysis of large

deflection panel response. The first-order piston theory aerodynamics and the simulated Gaussian white noise are employed for

the aerodynamic and acoustic loads, respectively. The nonlinear equations of motion for an arbitrarily laminated composite panel

subjected to a combined aerodynamic and acoustic pressures are formulated first in structure node degrees-of-freedom. The

system equations are then transformed and reduced to a set of coupled nonlinear equations in modal coordinates. Modal

participation is defined and the in-vacuo modes to be retained in the analysis are based on the modal participation values.

Numerical results include root mean square values of maximum deflections, deflection and strain response time histories,

probability distributions, and power spectrum densities. Results showed that combined acoustic and aerodynamic loads have to

be considered for panel analysis and design at high dynamic pressure values.

Author
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A_alyfic Sensitivity and Approximat_(m (_" Skin _h_ck_ng C(m_tra_ts in Wing-Shape Synthesis

Livne, Eli, Washington Univ., USA; Milosavljevic, Radomir, Washington Univ., USA; Journal of Aircraft; October 1995; Volume

32, No. 5, pp. ll02-1113; In English

Contract(s)/Grant(s): NAG2-723; Copyright; Avail: Issuing Activity, Hardcopy, Microfiche

Explicit expressions for terms of the stiffness and geometric stiffness matrices are derived for the buckling analysis of

trapezoidal fiber composite wing skin panels. The formulation is based on Ritz analysis using simple polynomials, and leads to

explicit expressions for the analytic sensitivities of the stiffness and geometric stiffness matrices with respect to layer thickness,

fiber directions, and panel shape. Integration with wing box analysis using either the equivalent plate approach or the finite element

method, makes it possible to obtain sensitivities of panel buckling constraints with respect to wing planform shape or locations
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of internal ribs and spars. The analytic sensitivities are used to construct approximations of panel buckling constraints for

integrated wing/panel design synthesis.
Author
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i_999{}_}52679 Japan Atomic Energy Research Inst., Center for Promotion of Computational Science and Engineering, Tokyo,
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Onishi, Ryoichi, Japan Atomic Energy Research Inst., Japan; Kimura, Toshiya, Japan Atomic Energy Research Inst., Japan; Guo,

Zhigong, Institute of Physical and Chemical Research, Japan; Iwamiya, Toshiyuki, National Aerospace Lab., Japan;

CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp.

483-490; In English; See also 19990052675; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

The system for coupled aero-structural analysis has been implemented on a distributed-parallel processing environment at

Japan Atomic Energy Research Institute(JAERI). The system is based on loose coupling of CFD(Computational Fluid Dynamics)

and CSD(Computational Structural Dynamics), solves fluid and structural equations concurrently exchanging each solution data,

and has been applied to the dynamic aeroelastics problem of a high aspect-ratio swept-back wing. The analytical model of skin,

spar, and rib construction of a wing box structure was created and used for aero-structural computations. Parallel and distributed

approaches employed in the system is efficient for multidisciplinary applications.
Author
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Striz, A. G., Oklahoma Univ., USA; Jung, S. Y., Oklahoma Univ., USA; CEAS/AIAA/ICASE/NASA Langley International

Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp. 491-500; In English; See also 19990052675
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This paper reports application cases to benchmark and test the analysis capabilities of the seamless integration of the

Automated STRuctural Optimization System (ASTROS) with a unified steady/unsteady aerodynamics module (ZAERO) called

ASTROS*. With these unified aerodynamics, ASTROS* can now perform analysis and design optimization for realistic

wing-body configurations throughout the linear subsonic[supersonic and the nonlinear transonic]hypersonic flight regimes. Three

fully-built up wing/fuselage models were used to validate ASTROS* and to show its applicability in all Mach number ranges.
Author
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533-542; In English; See also 19990052675; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

In dynamic response investigations of aircraft structures, classical theories assume linear aerodynamics and linear structures,

so that the aeroelastic equations can be reduced to a set of linear equations that can be readily solved. However, in many instances,

linear aerodynamics give insufficiently accurate results. For example, when the airspeed approaches transonic Mach numbers,

linear theory fails to detect the transonic dip and other phenomena associated with the presence of shock waves. Aircraft structures

also can have nonlinearities that affect not only the flutter speed, but also the characteristics of the dynamical response. Hence,

to obtain a better understanding of the physical and mathematical aspect of non-linear aeroelasticity, recent research has been

directed towards the study of these two types of nonlinearities. Lee et. al. studied a two-degree-of-freedom aeroelastic system with

a structural nonlinearity represented by a cubic restoring spring force. When the system is subject to an external forcing term with

driving frequency w, Lee et. al. derived analytical formulae that provide amplitude-frequency relationships for the pitch and

plunge motion, respectively. However, for a self-excited system (i.e. in the absence of external forcing term), the reference

frequency w is not known, and the motion can not be determined from the amplitude-frequency relationships they derived. Several

procedures were discussed to estimate the frequency value w for the self-excited system, but the results were not satisfactory

except when the velocity U* is very close to the linear flutter speed U*(sub L). to overcome this limitation in Lee et. al. analysis,
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we apply the centre manifold theory of Carr and the principal of normal form, to derive a frequency relation for self-excited motion

of a two-degree-of-freedom nonlinear system. Using the frequency equation and the amplitude- frequency relationships, limit

cycle oscillation (LCO) for self-excited system can be predicted analytically.
Derived from text

Aeroelasticity; Dynamic Response; Flutter; Nonlinear Systems; Aircraft Structures; Mathematical Models; Airfoil Oscillations

1999{_{}52688 Defence Science and Technology Organisation, Aereonautical and Maritime Research Lab., Airframes and

Engines Div., Melbourne, Australia

Creat_o_ of a Finite Element Modal for F/A:Ig Struct_ral Dynamic A_Myses _._a_ed on Gro_md Vibratio_ Te_t Data

Dunn, S. A., Defence Science and Technology Organisation, Australia; CEAS/AIAA/ICASE/NASA Langley International

Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 2, pp. 585-594; In English; See also 19990052675; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

In this paper, a technique for creating structural dynamic models directly from experimental data is proposed. The method

is based on having a finite element model with prescribed geometry for nodes and beams and using the artificial intelligence

optimisation tool of genetic algorithms. The aim is then to create an optimal model by selecting mass and stiffness properties such

that the resulting model gives the best approximation to the real data. Such a process has been the subject of a number of earlier
papers by the author and in this paper, results are presented for the creation of a complete aircraft model with symmetric boundary

conditions based on actual ground vibration test data.
Author

Dynamic Models; Genetic Algorithms; Mathematical Models; Optimization; Aircraft Models; Finite Element Method; Dynamic

Structural Analysis
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1999{R_47594 Georgia Inst. of Tech., School of Literature, Communications and Culture, Atlanta, GA USA

CulturM Variability in Crew Discom'se

Fischer, Ute, Georgia Inst. of Tech., USA; [1999]; 41p; In English

Contract(s)/Grant(s): NCC2-933; No Copyright; Avail: CASI; A03, Hardcopy; A01, Microfiche

Four studies were conducted to determine features of effective crew communication in response to errors during flight. Study

One examined whether US captains and first officers use different communication strategies to correct errors and problems on

the flight deck, and whether their communications are affected by the two situation variables, level of risk and degree of face-threat

involved in challenging an error. Study Two was the cross-cultural extension of Study One and involved pilots from three

European countries. Study Three compared communication strategies of female and male air carrier pilots who were matched in

terms of years and type of aircraft experience. The final study assessed the effectiveness of the communication strategies observed

in Study One.
Author

Culture (Social Sciences); Flight Crews; Aircraft Pilots; Anthropology; Communication
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1999{}(_5(_94(_ NASA Langley Research Center, Hampton, VA USA

A Smwey (ff Shape Parameterization 'Fech_iq_e_

Samareh, Jamshid A., NASA Langley Research Center, USA; CEAS/AIAA/ICASE/NASA Langley International Forum on

Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 333-344; In English; See also 19990050911; No Copyright;

Avail: CASI; A03, Hardcopy; A04, Microfiche

This paper provides a survey of shape parameterization techniques for multidisciplinary optimization and highlights some

emerging ideas. The survey focuses on the suitability of available techniques for complex configurations, with suitability criteria
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basedontheefficiency,effectiveness,easeofimplementation,andavailabilityofanalyticalsensitivitiesforgeometryandgrids.
Thepaperalsocontainsasectionon field grid regeneration, grid deformation, and sensitivity analysis techniques.
Author

Parameterization; Multidisciplinary Design Optimization; Mathematical Models; Shape Functions; Aircraft Design

]999_4925_ Ogden Air Logistics Center, Hill AFB, UT USA

T_acking Aircrafl S_ruct_ra_ Repairs From a Flee_ l_isk _anagemen_ and Economic Sta_dpoi_t

Giese, Robert D., Ogden Air Logistics Center, USA; Herring, Grant D., Ogden Air Logistics Center, USA; Bockman, James E,

Ogden Air Logistics Center, USA; The Second Joint NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp.

21-28; In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

The F-4 Structures Group at Hill AFB, UT has developed an Aircraft Structural Integrity Program (ASIP) management and

engineering support software system. This software, called FLEETLIFE, includes analytical, fatigue tracking, individual aircraft

tracking, configuration management, repair tracking, and other modules. These modules are designed to support the ASIP

engineer and fleet manager in assuring the structural integrity of a fleet of aircraft. This paper will detail the risk management and

economic aspects of the repair tracking module. In the repair tracking module all data concerning the details of structural repairs

are cataloged. These details include the deficiency necessitating the repair, the action taken, and all archiving data. Several

enhancements are in work for the software. One of these enhancements is the incorporation of cost and economic information into

the repair tracking module. This paper will describe the effort, the approach and working solution for this effort. It will detail the

incorporation of economic data into the repair tracking module and database. Repair cost data fields have been added to the

database structure. The query engine has been defined to include search and accumulation of cost data. The cost data can be

searched by repair discrepancy type. In this fashion, for example, the repair costs for corrosion initiated repairs can be retrieved.

The report feature has also been modified to provide repair and modification costs trends. The module has been modified to track

engineering hours, repair installation hours and repair material costs. The report feature can total these costs, determine average
repair costs and can total repair costs per tail number. This data, while certainly not complete will be necessary inputs for a fleet

economic life model. The paper will detail the approach used to track the types of discrepancies and how these discrepancies were

detected. The types of discrepancies are, for example, corrosion, corrosion fatigue, fatigue, overstress, impact damage, and others.

Examples of how discrepancies were detected are, routine inspections, special inspections, heavy maintenance, other

maintenance, and others. Data concerning the types and magnitudes of discrepancies are accumulated. In this fashion trends can

be detected and fleet risk lowered. Also, data concerning how defects are found and therefore the most effective inspection

methods will be accumulated. The paper also describes in detail the database structure, look of the user interface windows, and

report features.
Author

Aircraft Maintenance; Structural Analysis; Documentation; Data Management; Economics
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A_ A_oma_ed Code (_e_era_o_ _ fi_r Th_+ee:|)_raen_ona_ Acoustic Wave P_+opagat_on w_h Geomet_ScaHy Complex So_kl
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Dyson, Rodger William, Jr., NASA Glenn Research Center, USA; June 1999; 354p; In English

Contract(s)/Grant(s): RTOP 538-03-11

Report No.(s): NASA]TM-1999-209182; E-11691; NAS 1.15:209182; No Copyright; Avail: CASI; A16, Hardcopy; A03,
Microfiche

Finding the sources of noise generation in a turbofan propulsion system requires a computational tool that has sufficient

fidelity to simulate steep gradients in the flow field and sufficient efficiency to run on today's computer systems. The goal of this

dissertation was to develop an automated code generator for the creation of Software that numerically solves the linearized Euler

equations on Cartesian grids in three dimensional spatial domains containing bodies with complex shapes. It is based upon the

recently developed Modified Expansion Solution Approximation (MESA) series of explicit finite-difference schemes that

provide spectral-like resolution with extraordinary efficiency. The accuracy of these methods can, in theory, be arbitrarily high

in both space and time, without the significant inefficiencies of Runge-Kutta based schemes. The complexity of coding these

schemes was, however, very high, resulting in code that could not compile or took so long to write in FORTRAN that they were

rendered impractical. Therefore, a tool in Mathematica was developed that could automatically code the MESA schemes into

FORTRAN and the MESA schemes themselves were reformulated into a very simple form, making them practical to use without

automation or very powerful with it. A method for automatically creating the MESA propagation schemes and their FORTRAN

code in two and three spatial dimensions, is shown with up to 29th order accuracy in space and time. Also, a method for treating

solid wall boundaries in two dimensions is shown with up to 1 lth order accuracy on grid aligned boundaries and with up to 2nd
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order accuracy on generalized boundaries. Finally, an automated method for parallelizing these approaches on large scale parallel

computers with near perfect scalability is presented. All these methods are combined to form a turnkey code generation tool in

Mathematica that once provided the CAD geometry file can automatically simulate the acoustical physics by replacing the

traditionally labor intensive tasks of grid generation, algorithm development, FORTRAN coding, and wall boundary treatments

with automated algorithmic procedures.
Author

Cartesian Coordinates; Finite Difference Theory; Applications Programs (Computers); Computer Aided Design; Wave

Propagation; Computer Programming; Grid Generation (Mathematics); Aeroacoustics; Aerodynamic Noise; Software
Development Tools; Euler Equations of Motion
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Report No.(s): NASA/CR-1999-209347; NAS 1.26:209347; No Copyright; Avail: CASI; A04, Hardcopy; A01, Microfiche

Automated aircraft control has traditionally been divided into distinct "functions" that are implemented separately (e.g.,

autopilot, autothrottle, flight management); each function has its own fault-tolerant computer system, and dependencies among

different functions are generally limited to the exchange of sensor and control data. A by-product of this "federated" architecture

is that faults are strongly contained within the computer system of the function where they occur and cannot readily propagate

to affect the operation of other functions. More modern avionics architectures contemplate supporting multiple functions on a

single, shared, fault-tolerant computer system where natural fault containment boundaries are less sharply defined. Partitioning

uses appropriate hardware and software mechanisms to restore strong fault containment to such integrated architectures. This

report examines the requirements for partitioning, mechanisms for their realization, and issues in providing assurance for

partitioning. Because partitioning shares some concerns with computer security, security models are reviewed and compared with

the concerns of partitioning.
Author

Automatic Flight Control; Avionics; Computer Information Security; Fault Tolerance; Distributed Processing; Architecture

(Computers)

]999_5_91_ Air Force Seek Eagle Office, Eglin AFB, FL USA

Limit Cycle O_ci||ation Predic_io_ usi_g Artificial Neura_ Netw_)rks

Denegri, Charles M., Jr., Air Force Seek Eagle Office, USA; Johnson, Michael R., Air Force Seek Eagle Office, USA;

CEAS/AIAAfICASE/NASA Langley International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. l, pp.

71-80; In English; See also 19990050911; No Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

A static artificial neural network in the form of a multi-layer perceptron is investigated to determine its ability to predict linear

and nonlinear flutter response characteristics. The network is developed and trained using linear flutter analysis and flight test

results from a fighter test. Eleven external store carriage configurations are used as training data and three configurations are used

as test cases. The network was successful in predicting the aeroelastic oscillation frequency and amplitude responses over a range

of Mach numbers for two of the test cases. Predictions for the third test case were not as good. Several network sizes were

investigated and it was found that small networks tended to over-generalize the training data and are not capable of accurate

prediction beyond the sample space. Conversely, networks that were too large, or trained to error levels that were extreme, tended

to memorize the training data, and are also unable to produce adequate predictions beyond the sample space. The results of this

study indicate that relatively simple networks using small training sets can be used to predict both linear and nonlinear flutter

response characteristics.
Author

Aeroelasticity; Flutter Analysis; Neural Nets; Dynamic Response; Wing Oscillations
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Heeg, Jennifer, NASA Langley Research Center, USA; Dowell, Earl H., Duke Univ., USA; CEAS/AIAA]ICASE]NASA Langley

International Forum on Aeroelasticity and Structural Dynamics 1999; June 1999, Pt. 1, pp. 403-414; In English; See also

19990050911; No Copyright; Avail: CASI; A03, Hardcopy; A04, Microfiche

This paper presents novel analytical results for eigenvalues and eigenvectors produced using discrete time aerodynamic and

aeroelastic models. An unsteady, incompressible vortex lattice aerodynamic model is formulated in discrete time; the importance
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of several modeling parameters is examined. A detailed study is made of the behavior of the aerodynamic eigenvalues both in

discrete and continuous time. The aerodynamic model is then incorporated into aeroelastic equations of motion. Eigenanalyses

of the coupled equations produce stability results and modal characteristics which are valid for critical and non-critical velocities.

Insight into the modeling and physics associated with aeroelastic system behavior is gained by examining both the eigenvalues

and the eigenvectors. Potential pitfalls in discrete time model construction and analysis are examined.
Author

Eigem, alues; Eigem, ectors; Unsteady Aerodynamics; Aeroelasticity; Dynamic Models; Equations of Motion; Dynamic

Structural Analysis
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Kraft, R. E., General Electric Co., USA; Yu, J., Rohr Industries, Inc., USA; April 1999; 26p; In English

Contract(s)/Grant(s): NAS3-26617; RTOP 538-03-12-02

Report No.(s): NASA/CR-1999-209120/VOL1; NAS 1.26:209120/VOL1; No Copyright; Avail: CASI; A03, Hardcopy; A01,
Microfiche

Scale model fan rigs that simulate new generation ultra-high-bypass engines at about 1/5-scale are achieving increased

importance as development vehicles for the design of low-noise aircraft engines. Testing at small scale allows the tests to be

performed in existing anechoic wind tunnels, which provides an accurate simulation of the important effects of aircraft forward

motion on the noise generation. The ability to design, build, and test miniaturized acoustic treatment panels on scale model fan rigs

representative of the fullscale engine provides not only a cost-savings, but an opportunity to optimize the treatment by allowing tests

of different designs. The primary objective of this study was to develop methods that will allow scale model fan rigs to be successfully

used as acoustic treatment design tools. The study focuses on finding methods to extend the upper limit of the frequency range of

impedance prediction models and acoustic impedance measurement methods for subscale treatment liner designs, and confirm the

predictions by correlation with measured data. This phase of the program had as a goal doubling the upper limit of impedance

measurement from 6 kHz to 12 kHz. The program utilizes combined analytical and experimental methods to achieve the objectives.
Author

Acoustic Properties; Aircraft Engines; Frequency Ranges; Impedance Measurement; Mathematical Models; Scale Models

19990{_479{_3 Boeing Co., Mesa, AZ USA
Irnpleme_tati_n of a ]'raili_g-Edge Flap Analysis Model i_ the NASA Lang|ey CAMRADoMODI/Ilires Program

Charles, Bruce, Boeing Co., USA; May 1999; 82p; In English

Contract(s)/Grant(s): NAS 1-20096; RTOP 538-07-14-10

Report No.(s): NASA/CR-1999-209327; NAS 1.26:209327; No Copyright; Avail: CASI; A05, Hardcopy; A01, Microfiche

Continual advances in rotorcraft performance, vibration and acoustic characteristics are being sought by rotary-wing vehicle

manufacturers to improve efficiency, handling qualities and community noise acceptance of their products. The rotor system

aerodynamic and dynamic behavior are among the key factors which must be addressed to meet the desired goals. Rotor

aerodynamicists study how alrload redistribution impacts performance and noise, and seek ways to achieve better aMoad

distribution through changes in local aerodynamic response characteristics. One method currently receiving attention is the use

of trailing-edge flaps mounted on the rotor blades to provide direct control of a portion of the spanwise lift characteristics. The

following work describes the incorporation of a trailing-edge flap model in the CAMRAD.Modl/FHUS comprehensive rotorcraft

analysis code. The CAM-RAD.Modl/HIRES analysis consists of three separate executable codes. These include the

comprehensive trim analysis, CAMRAD.Modl, the Indicial Post-Processor, IPP, for high resolution alrloads, and AIRFOIL,

which produces the rotor airfoil tables from input airfoil section characteristics. The modifications made to these components

permitting analysis of flapped rotor configurations are documented herein along with user instructions detailing the new input

variables and operational notes.
Author

Aerodynamic Characteristics; Trailing Edge Flaps; Aerodynamic Loads; Dynamic Characteristics; Noise Pollution; Airfoils
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Curtis, Alan R. D., GTE Internetworking Services, USA; May 1999; 84p; In English
Contract(s)/Grant(s): NAS 1-20101; RTOP 538-03-11

Report No.(s): NASA/CR-1999-209156; NAS 1.26:209156; E-11704; No Copyright; Avail: CASI; A05, Hardcopy; A01,
Microfiche

An active noise control system for ducted fan noise was built that uses actuators located in stator vanes. The actuators were

piezoelectric benders manufactured using the THUNDER technology and were custom designed for the application. The active
noise control system was installed in the NASA ANCF rig. Four actuator array with a total of 168 actuators in 28 stator vanes were

used. Simultaneous reductions of acoustic power in both the inlet and exhaust duct were demonstrated for a fan disturbance that

contained two radial mode orders in both inlet and exhaust. Total power levels in the target modes were reduced by up to 9 dB

in the inlet and total tone levels by over 6 dB while exhaust power levels were reduced by up to 3 dB. Far field sound pressure

level reductions of up to 17 dB were observed. A simpler control system, matched to the location of the disturbance with two radial

actuator arrays, was demonstrated to control total acoustic power in four disturbance modes simultaneously in inlet and exhaust.

The vane actuator met the requirements given for the ANCF, although in practice the performance of the system was limited by

the constraints of the power amplifiers and the presence of control spillover. The vane actuators were robust. None of the 168 vane

actuators failed during the tests.
Author

Acti_,e Control; Aerodynamic Noise; Noise Reduction; Piezoelectricity
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Vibr(_-Ae(_usties Modal Testing at NASA La_gley Researd_ Cen|er
Pappa, Richard S., NASA Langley Research Center, USA; Pritchard, Jocelyn I., NASA Langley Research Center, USA; Buehrle,

Ralph D., NASA Langley Research Center, USA; CEAS/AIAA/ICASE/NASA Langley International Forum on Aeroelasticity

and Structural Dynamics 1999; June 1999, Pt. 1, pp. 101-114; In English; See also 19990050911; No Copyright; Avail: CASI;

A03, Hardcopy; A04, Microfiche

This paper summarizes on-going modal testing activities at the NASA Langley Research Center for two aircraft fuselage

structures: a generic "aluminum testbed cylinder" (ATC) and a Beechcraft Starship fuselage (BSF). Subsequent acoustic tests will

measure the interior noise field created by exterior mechanical and acoustic sources. These test results will provide validation

databases for interior noise prediction codes on realistic aircraft fuselage structures. The ATC is a 12-ft-long, all-aluminum, scale

model assembly. The BSF is a 40-ft-long, all-composite, complete aircraft fuselage. To date, two of seven test configurations of

the ATC and all three test configurations of the BSF have been completed. The paper briefly describes the various test

configurations, testing procedure, and typical results for frequencies up to 250 Hz.
Author
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(Aircraft)
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Single-degree-of-freedom resonators consisting of honeycomb cells covered by perforated facesheets are widely used as

acoustic noise suppression liners in aircraft engine ducts. The acoustic resistance and mass reactance of such liners are known

to vary with the intensity of the sound incident upon the panel. Since the pressure drop across a perforated liner facesheet increases

quadratically with the flow velocity through the facesheet, this is known as the nonlinear resistance effect. In the past, two different

empirical frequency domain models have been used to predict the Sound Pressure Level effect of the incident wave on the

perforated liner impedance, one that uses the incident particle velocity in isolated narrowbands, and one that models the particle

velocity as the overall velocity. In the absence of grazing flow, neither frequency domain model is entirely accurate in predicting

the nonlinear effect that is measured for typical perforated sheets. The time domain model is developed in an attempt to understand

and improve the model for the effect of spectral shape and amplitude of multi-frequency incident sound pressure on the liner
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impedance. A computer code for the time-domain finite difference model is developed and predictions using the models are

compared to current frequency-domain models.
Author

Degrees of Freedom; Noise Reduction; Pressure Effects; Sound Intensity; Honeycomb Structures; Aircraft Engines; Grazing
Flow; Noise (Sound)
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1999; In English; Aeroacoustics, 10-12 May 1999, Bellevue, WA, USA; Sponsored by American Inst. of Aeronautics and

Astronautics, USA

Report No.(s): AIAA Paper 99-1958; Copyright; Avail: Issuing Activity, Hardcopy, Microfiche

A study was conducted to examine the effects of overall size of directional (or phased) arrays on the measurement of

aeroacoustic components. An airframe model was mounted in the potential core of an open-jet wind tunnel, with the directional

arrays located outside the flow in an anechoic environment. Two array systems were used; one with a solid measurement angle

that encompasses 31.6 deg of source directivity and a smaller one that encompasses 7.2 deg. The arrays, and sub-arrays of various

sizes, measured noise from a calibrator source and flap edge model setups. In these cases, noise was emitted from relatively small,

but finite size source regions, with intense levels compared to other sources. Although the larger arrays revealed much more source

region detail, the measured source levels were substantially reduced due to finer resolution compared to that of the sm0er arrays.

to better understand the measurements quantitatively, an anaiyticai model was used to define the basic relationships between array

to source region sizes and measured output level. Also, the effect of noise scattering by shear layer turbulence was examined using

the present data and those of previous studies. Taken together, the two effects were sufficient to explain spectral level differences

between arrays of different sizes. An important result of this study is that total (integrated) noise source levels are retrievable and
the levels are independent of the array size as long as certain experimental and processing criteria are met. The criteria for both

open and closed tunnels are discussed.
Author
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The primary purpose of the study presented in this volume is to present the results and data analysis of in-duct transmission

loss measurements. Transmission loss testing was performed on full-scale, 1/2-scaie, and 115-scaie treatment panel samples. The

objective of the study was to compare predicted and measured transmission loss for full-scale and subscaie panels in an attempt

to evaluate the variations in suppression between full- and subscaie panels which were ostensibly of equivalent design. Generally,

the results indicated an unsatisfactory agreement between measurement and prediction, even for full-scale. This was attributable

to difficulties encountered in obtaining sufficiently accurate test results, even with extraordinary care in calibrating the

instrumentation and performing the test. Test difficulties precluded the ability to make measurements at frequencies high enough

to be representative of subscale liners. It is concluded that transmission loss measurements without ducts and data acquisition

facilities specifically designed to operate with the precision and complexity required for high subscale frequency ranges are

inadequate for evaluation of subscale treatment effects.
Author
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An aeroacoustic wind tunnel test was conducted using a scaled isolated tiltrotor model. Acoustic data were acquired using

an in-flow microphone wing traversed beneath the model to map the directivity of the near-field acoustic radiation of the rotor

for a parametric variation of rotor angle-of-attack, tunnel speed, and rotor thrust. Acoustic metric data were examined to show

trends of impulsive noise for the parametric variations. BVISPL maximum noise levels were found to increase with mu for

constant alpha and C(sub T), although the maximum BVI levels were found at much higher cc than for a typical helicopter.

BVISPL levels were found to increase with mu for constant alpha and C(sub T). BVISPL was found to decrease with increasing

C(sub T) for constant alpha and mu, although BVISPL increased with thrust for a constant wake geometry. Metric data were also

scaled for M,i, to evaluate how well simple power law scaling could be used to correct metric data for M(sub tip) effects.
Author
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The ability to design, build, and test miniaturized acoustic treatment panels on scale-model fan rigs representative of the

full-scale engine provides not only a cost-savings, but an opportunity to optimize the treatment by allowing tests of different

designs, to be able to use scale model treatment as a full-scale design tool, it is necessary that the designer be able to reliably

translate the scale model design and performance to an equivalent full-scale design. The primary objective of the study presented
in this volume of the final report was to conduct laboratory tests to evaluate liner acoustic properties and validate advanced

treatment impedance models. These laboratory tests include DC flow resistance measurements, normal incidence impedance

measurements, DC flow and impedance measurements in the presence of grazing flow, and in-duct liner attenuation as well as

modal measurements. Test panels were fabricated at three different scale factors (i.e., full-scale, half-scale, and one-fifth scale)

to support laboratory acoustic testing. The panel configurations include single-degree-of-freedom (SDOF) perforated sandwich

panels, SDOF linear (wire mesh) liners, and double-degree-of-freedom (DDOF) linear acoustic panels.
Author
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1999_49261 Tsentralni Aerogidrodinamicheskii Inst., Zhukovsky, Russia

Effective Me_o_:l of WorMng Ou_ an Optimum i_spec_on Schedule

Ralkher, Veniamin L., Tsentralni Aerogidrodinamicheskii Inst., Russia; The Second Joint NASA/FAA/DOD Conference on

Aging Aircraft; January 1999, Pt. 1, pp. 116-123; In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy;

A04, Microfiche

Two durations from total Fatigue Life Depleting Process are taken into account: (1) the duration t up to reaching the critical

damage size which characterizes the Limit State of the Structural Significant Item considered; (2) the duration v of crack growth

between Maximal Undetectable Size (MUS), which is such a crack that can be missed (with small allowable probability) during

the inspection, and the critical size. MUS depends sufficiently on the used inspection means and methods. Both durations are

random values. Their joint probability characteristics are considered as a t-v System. An effective approach is described which

gives an opportunity in a simple and uniform manner to calculate all necessary probability values for any probability

characteristics of t-v System and for any inspection schedule. The method is based on the procedure of forming on a t-v Plane

of some zones which correspond to possible properties of different structure copies if the individual t-v Point < hits into the

corresponding zone. The main features of probability characteristics of the t-v System are investigated using the results of different

type cyclic tests conducted in TsAGI during the 1960-70s. About 300 copies of the same Al-alloy D16 sheet coupon having a
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central hole have been tested. The derived qualitative results may be considered apparently as typical features for many aircraft
structures.
Author

Aircraft Structures; Fatigue Life; Inspection; Probability Theory; Schedules; Crack Propagation

1999_049269 Federal Aviation Administration, William J. Hughes Technical Center, Atlantic City, NJ USA

Development of Novel [nspecti_n Systems: Anticipath_g Opera_or Requh'eme_ts

Smith, Christopher D., Federal Aviation Administration, USA; The Second Joint NASA/FAA/DOD Conference on Aging

Aircraft; January 1999, Pt. 1, pp. 193-200; In English; See also 19990049248; No Copyright; Avail: CASI; A02, Hardcopy; A04,
Microfiche

The establishment of maintenance programs to support a fleet of transport aircraft is an extremely difficult task which often

results in the application of inspection technologies and procedures that may seem primitive to the casual observer. A thorough
review of the maintenance operation usually shows that the selection of inspection mode and technology is optimal or nearly

optimal for the given organization at that time. This does not, however, mean that such operations will stay optimal or that

technology solutions will stay adequate. The FAA's long-term investments in inspection research are selected based on anticipated

changes in amine maintenance requirements. This paper will discuss four classes of inspection-related technologies being

developed to address anticipated inspection needs. In particular it will discuss FAA- and government-sponsored initiatives in

distributed damage assessment, large-area inspection, robotic inspection, and the application of emerging computational

resources to aircraft inspection.
Author

Damage Assessment; Inspection; Aircraft Maintenance

1999_49268 Air Force Research Lab., Robins AFB, GA USA

Air F(_ree C_s_ of C(_rrosion Main_ena_ce St_dy

Kinzie, Richard, Air Force Research Lab., USA; Cooke, Garth, NCI Information Systems, Inc., USA; The Second Joint

NASA/FAA/DOD Conference on Aging Aircraft; January 1999, Pt. 1, pp. 183-192; In English; See also 19990049248; No

Copyright; Avail: CASI; A02, Hardcopy; A04, Microfiche

In 1990 the annual direct cost of corrosion maintenance was determined for USAF systems. This extensive database has been

widely used and is the only one of its kind. A new study has now been completed using a 1997 base year. This new study not only

provides updated cost figures but it also provides a snapshot in time for determining trends and changes in the costs of corrosion.

These figures include all Air Force assets but exclude facilities, real property installed equipment, classified systems, and some
indirect costs associated with corrosion. Corrosion costs the Air Force in excess of $795 million per year in direct maintenance

expense. The results show that while the fleet size has decreased nearly 20% between the two studies, the costs of corrosion have
gone from $720 Million in 1990 to $795 Million in 1997. Corrosion costs per aircraft have risen drastically for nearly all systems.

This trend is equally important when it is realized that significant numbers of the retired assets were those requiring the most
corrosion maintenance. In the 1990 study 53% of the corrosion costs involved the 5 aging weapon systems. Today 50% of those

costs involve just 3 of the oldest systems (C-135, C-5, and C-141). This Cost of Corrosion database gives costs by command,

location, and weapon system as well as field level vs. depot level expenditures. The field vs. depot corrosion cost distribution has
remained almost constant between the two studies.

Derived from text

Aircraft Maintenance; Cost Analysis; Data Bases; Military Aircraft
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1999_}(_47114 NASA Dryden Flight Research Center, Edwards, CA USA

F_|_y Years of tqight Research: A_ Ann_ta_ed B_Miography of Techn_cM P_bl_eations of NASA Dryde_ FIigh_ Research

Ce_ter, 1946-1996

Fisher, David E, NASA Dryden Flight Research Center, USA; May 1999; 522p; In English

Contract(s)/Grant(s): RTOP 953-36-00

Report No.(s): NASA/TP-1999-206568; H-2216; NAS 1.60:206568; No Copyright; Avail: CASI; A22, Hardcopy; A04,
Microfiche
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Titles, authors, report numbers, and abstracts are given for more than 2200 unclassified and unrestricted technical reports and

papers published from September 1946 to December 1996 by NASA Dryden Flight Research Center and its predecessor

organizations. These technical reports and papers describe and give the results of 50 years of flight research performed by the

NACA and NASA, from the X-1 and other early X-airplanes, to the X-15, Space Shuttle, X-29 Forward Swept Wing, and X-31

aircraft. Some of the other research airplanes tested were the D-558, phase 1 and 2; M-2, HL-10 and X-24 lifting bodies; Digital

Fly-By-Wire and Supercritical Wing F-8; XB-70; YF-12; AFTI F-111 TACT and MAW; F-15 HiDEC; F-18 High Alpha Research

Vehicle, and F-18 Systems Research Aircraft. The citations of reports and papers are listed in chronological order, with author

and aircraft indices. In addition, in the appendices, citations of 233 contractor reports, more than 200 UCLA Flight System
Research Center reports and 25 video tapes are included.
Author

Bibliographies; Flight Test Vehicles; Aerona14tical Engineering; Flight Tests; Research Vehicles; Research Facilities
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